Investigations into idiopathic hypertriglyceridemia in the Miniature Schnauzer in North America by Xenoulis, Panagiotis
Aus dem 
Gastrointestinal Laboratory 
Department of Small Animal Clinical Sciences 
College of Veterinary Medicine and Biomedical Sciences  
Texas A&M University, College Station, Texas, USA 
Vorstand: Sandee Hartsfield, DVM, MS, Dipl. ACVA 
 
Angefertigt unter der Leitung von 
Jörg M. Steiner, Dr.med.vet., PhD, Dipl. ACVIM, Dipl. ECVIM-CA 
 
Vorgelegt über 
 Prof. Dr. med. vet. Dr. med. vet. habil. Johannes Hirschberger 
Medizinische Kleintierklinik der Tierärztlichen Fakultät 
Ludwig-Maximilians-Universität München 
Vorstand: Prof. Dr. med. vet. Dr. med. vet. habil. Katrin Hartmann 
 
 
Untersuchungen zur idiopathischen Hypertriglyceridämie 
des Zwergschnauzers in Nordamerika 
 
 
Investigations into idiopathic hypertriglyceridemia in the 
Miniature Schnauzer in North America 
 
 
Inaugural-Dissertation 
zur Erlangung der tiermedizinischen Doktorwürde 
der Tierärztlichen Fakultät der 
Ludwig-Maximilians-Universität München 
 
von 
Panagiotis G. Xenoulis 
aus 
Athens, Greece 
 
München 2008 
  
 
 
Gedruckt mit Genehmigung der Tierärztlichen Fakultät 
der Ludwig-Maximilians-Universität München 
 
 
 
 
 
Dekan: Univ.-Prof. Dr. Braun   
Berichterstatter: Univ.-Prof. Dr. Hirschberger    
Korreferent/en: Univ.-Prof. Dr. Stangassinger  
 
 
 
  
Tag der Promotion: 18. Juli 2008
  
 
 
 
 
 
 
This thesis is dedicated to 
My parents Giorgos and Andromachi, my sister Maria, and Patricia 
List of abbreviations 
 I 
List of abbreviations 
 
 
°C    degrees Celsius 
95% CI   95% confidence interval 
µg    microgram 
ACTH    adenocorticotropic  hormone   
ALP    alkaline phosphatase 
ALT    alanine aminotransferase  
AST    aspartate aminotransferase 
CETP     cholesteryl ester transfer protein 
dL    deciliter 
EDTA    ethylenediaminetetraacetic acid 
GGT    gamma-glutamyl transferase 
HDL    high density lipoprotein 
IDL    intermediate density lipoprotein 
L    liter 
LCAT     lecithin-cholesterol acyl transferase 
LDL    low density lipoprotein 
LPL    lipoprotein lipase 
mg    milligram  
min    minutes 
mL    milliliter 
NAFLD   non-alcoholic fatty liver disease 
NEFA     nonesterified fatty acid 
p    p value 
PLN    protein-loosing nephropathy 
rpm    revolutions per minute 
VLDL    very low density lipoprotein 
x g    centrifugal force, expressed as x gravity 
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I    Introduction 
Hypertriglyceridemia, which refers to abnormally increased serum triglyceride 
concentrations, is a relatively common clinicopathologic finding in dogs. Idiopathic 
hypertriglyceridemia appears to be associated with specific breeds, most commonly 
the Miniature Schnauzer (ROGERS et al., 1975a; WHITNEY, 1992; FORD, 1993; 
WHITNEY et al., 1993; BAUER, 2004). Idiopathic hypertriglyceridemia has been 
reported in Miniature Schnauzers in the United States, but has not been documented 
in this breed elsewhere (ROGERS et al., 1975a; WHITNEY, 1992; FORD, 1993; 
WHITNEY et al., 1993). The cause of hypertriglyceridemia in Miniature Schnauzers 
remains unclear, but possible mechanisms include increased production of VLDL and 
chylomicrons, decreased clearance of VLDL and chylomicrons, or both. The fact that 
hypertriglyceridemia is more prevalent in a specific breed suggests a possible 
hereditary mechanism (ROGERS et al., 1975a; FORD, 1993; WHITNEY et al., 
1993). Although it is generally accepted that idiopathic hypertriglyceridemia is a 
common disorder in Miniature Schnauzers in the United States, and despite the fact 
that it can potentially be associated with serious diseases (e.g., pancreatitis), it has 
received limited attention. The assumption that Miniature Schnauzers have a high 
incidence of primary hypertriglyceridemia compared to other breeds is largely 
anecdotal or based on small case series (ROGERS et al., 1975a; WHITNEY et al., 
1993). Studies investigating the prevalence and clinical implications of this condition 
in large populations of Miniature Schnauzers are lacking. Also, the effects of age, sex, 
and reproductive status on serum triglyceride concentrations have not been 
sufficiently studied in Miniature Schnauzers.  
 
In human beings, hypertriglyceridemia has been associated with the development of 
fatty liver and a condition known as non-alcoholic fatty liver disease (NAFLD) 
(ASSY et al., 2000; ANGULO, 2002; NEUSCHWANDER-TETRI & CALDWELL, 
2003; DE BRUIN et al., 2004; BROUWERS et al., 2007). The prevalence of fatty 
liver in patients with hyperlipidemia, including both hypertriglyceridemia and 
hypercholesterolemia, has been reported to be about 50% (ASSY et al., 2000; 
BROUWERS et al., 2007). Most human patients with NAFLD remain asymptomatic 
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for long periods and many of these patients have only abnormally high serum hepatic 
enzyme activities as the initial manifestation of NAFLD (ASSY et al., 2000; 
ANGULO, 2002; NEUSCHWANDER-TETRI & CALDWELL, 2003). Liver enzyme 
activities are usually only mildly increased (i.e., < 2 times the upper reference limit), 
with high concentrations typically being identified during routine screening 
(ANGULO, 2002; NEUSCHWANDER-TETRI & CALDWELL, 2003). Studies 
investigating a possible association between hypertriglyceridemia, high serum liver 
enzyme activities, and liver disease in dogs have not been described.  
 
The present study consisted of two parts. The hypothesis of the first part of this study 
was that hypertriglyceridemia is prevalent among Miniature Schnauzers that appear to 
be healthy. To prove or disprove this hypothesis, the aim of this first part of the study 
was to determine the prevalence of hypertriglyceridemia in a large population of 
healthy Miniature Schnauzers and to further characterize this condition in this breed.  
 
The hypothesis of the second part of the present study was that hypertriglyceridemia 
in overtly healthy Miniature Schnauzers is associated with increased serum liver 
enzyme activities. To prove or disprove this hypothesis the goal of the second part of 
this study was to measure serum hepatic enzyme activities in healthy 
hypertriglyceridemic Miniature Schnauzers.  
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II    Literature review 
1.    Lipids 
Lipids are water-insoluble organic compounds, which are present in almost every 
living organism (RIFAI et al., 1999). They are highly polymorphic and chemically 
diverse biomolecules, which makes it difficult to define them structurally (RIFAI et 
al., 1999). Lipids are essential for many normal functions of living organisms: they 
are important components of cell membranes, they are used to store energy, and they 
play significant roles as enzyme co-factors, hormones, and intracellular messengers 
(RIFAI et al., 1999). 
 
Of the many groups of lipids, three are most important from a clinical perspective: 
fatty acids, sterols (mainly cholesterol), and acylglyceroles (mainly triglycerides) 
(GINSBERG, 1998; RIFAI et al., 1999). Fatty acids are relatively simple lipids and 
are also important components of many other lipids. They are usually classified based 
on the length of the fatty acid chain (i.e., short chain, medium chain, and long chain 
fatty acids), and also based on their degree of saturation (i.e., saturated, 
monounsaturated, and polyunsaturated fatty acids) (GINSBERG, 1998; RIFAI et al., 
1999). Cholesterol is the main sterol in animal tissues and is almost exclusively found 
in animals. Dietary intake is the major source of cholesterol, but it can also be 
synthesized endogenously by the liver and other tissues. It plays a fundamental role in 
central metabolic pathways, such as bile acid metabolism and steroid hormone and 
vitamin D synthesis (GINSBERG, 1998; RIFAI et al., 1999). Triglycerides are the 
most common and efficient form of stored energy in mammals. They can be derived 
from both dietary sources and endogenous (hepatic) production. Each triglyceride 
consists of glycerol and three fatty acids. Triglycerides are mostly stored in 
adipocytes and, when energy is needed, fatty acids are released from triglycerides 
through the catalytic action of lipases. Oxidation of these fatty acids provides large 
amounts of energy (GINSBERG, 1998; RIFAI et al., 1999). 
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2.    Lipoproteins 
Because lipids are water-insoluble molecules, they cannot be transported in aqueous 
solutions, such as plasma. For that reason, lipids are transported in plasma as 
macromolecular complexes known as lipoproteins (MAHLEY & WEISGRABER, 
1974; WHITNEY, 1992; WATSON & BARRIE, 1993; GINSBERG, 1998; RIFAI et 
al., 1999; BAUER, 2004; JOHNSON, 2005). Lipoproteins are spherical structures 
that consist of a hydrophobic core containing lipids (i.e., triglycerides and/or 
cholesteryl esters), and an amphophilic (i.e., both hydrophobic and hydrophilic) outer 
layer of phospholipids, free cholesterol, and proteins that forms a protective envelope 
surrounding the lipid core. The amphophilic nature of the outer layer allows it to bind 
to the lipid core on one side, while the hydrophilic surface allows the lipoprotein to be 
transported in plasma (MAHLEY & WEISGRABER, 1974; BAUER, 1996; 
GINSBERG, 1998; RIFAI et al., 1999; BAUER, 2004; JOHNSON, 2005). The 
proteins that are part of the lipoproteins are known as apolipoproteins (or apoproteins) 
and play a significant role in lipid transport and metabolism (see apolipoproteins).  
 
Plasma lipoproteins differ in their physical and chemical characteristics such as size, 
density, and composition.  In addition, although lipoproteins of different species share 
common characteristics, important species differences exist (MAHLEY & 
WEISGRABER, 1974; DEMACKER et al., 1987; BAUER, 1992; BAUER, 1996; 
GINSBERG, 1998; RIFAI et al., 1999; BAUER, 2004; JOHNSON, 2005). Canine 
lipoproteins can be divided based on their hydrated density (after ultracentrifugation) 
into four major classes (Table 1): chylomicrons, very low density lipoproteins 
(VLDL), low density lipoproteins (LDL), and high density lipoproteins (HDL) 
(BAUER, 1992; WATSON & BARRIE, 1993; MALDONADO et al., 2001). HDL 
can be further subdivided into HDL1 (present only in dogs and possibly also in cats), 
HDL2 (present in dogs, cats, and humans), and HDL3 (present in dogs, cats, and 
humans) (MAHLEY & WEISGRABER, 1974; DEMACKER et al., 1987; BAUER, 
1992; WATSON & BARRIE, 1993; GINSBERG, 1998; RIFAI et al., 1999; BAUER, 
2004; JOHNSON, 2005). In human beings, a class of intermediate density 
lipoproteins (IDL) has also been identified, but this class of lipoproteins has not been 
described in dogs (GINSBERG, 1998; RIFAI et al., 1999). 
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Major
Lipoprotein Species Major lipids apoliporpoteins Size (nm) Density (g/mL)
chylomicron dog, cat dietary triglycerides B, C 75-1200 <0.960
VLDL dog, cat endogenous triglycerides B, C, E 30-80 0.093-1.006
LDL dog, cat phospholipids B 18-25 1.019-1.087
cholesteryl esters
HDL1 dog, possibly cat phospholipids A, C, E 10-35 1.025-1.100
cholesteryl esters
HDL2 dog, cat phospholipids A, C, E 9-12 1.063-1.100
HDL3 dog, cat phospholipids A, C 5-9 1.100-1.210
 
Table 1: Characteristics of major canine and feline plasma lipoproteins. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VLDL: very low density lipoproteins, LDL: low density lipoproteins, HDL: high density lipoproteins
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3.    Apolipoproteins 
As mentioned earlier, apolipoproteins are the protein components of lipoproteins. The 
most important classes of apolipoproteins are apolipoprotein A (apo A), 
apolipoprotein B (apo B), apolipoprotein C (apo C), and apolipoprotein E (apo E) 
(GINSBERG, 1998; RIFAI et al., 1999; BAUER, 2004; JOHNSON, 2005). Each one 
of these classes can be further divided into specific apolipoproteins (Table 2). 
Lipoproteins can contain one or a variety of different apolipoproteins, which regulate 
their metabolic functions (BAUER, 2004). 
 
Apolipoproteins are involved in several physiological functions of lipoproteins such 
as facilitation of lipid transport, maintenance of structural integrity, and activation of 
certain enzymes that play key roles in lipid metabolism (Table 2) (GINSBERG, 1998; 
RIFAI et al., 1999; BAUER, 2004; JOHNSON, 2005). For example, apo C-II is a 
necessary activator of lipoprotein lipase (the major enzyme that hydrolyzes the 
triglycerides in lipoproteins), while apo C-III inhibits lipoprotein lipase. Deficiencies 
of certain apolipoproteins have been documented mostly in humans, and usually result 
in a dysfunctional lipid metabolism. 
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Apolipoprotein Molecular weight Lipoproteins Major metabolic function
Apo A-I 28 016 HDL, chylomicrons structural, LCAT activator
Apo A-II 17 414 HDL, chylomicrons unkown
Apo A-IV 46 465 HDL, chylomicrons unkown
Apo B-48 264 000 Chylomicrons secretion of chylomicrons from intestine
Apo B-100 540 000 VLDL, IDL, LDL secretion of VLDL from the liver, structural
Apo C-I 6630 chylomicrons, VLDL, IDL, HDL uncertain
Apo C-II 8900 chylomicrons, VLDL, IDL, HDL activator of lipoprotein lipase
Apo C-III 8800 chylomicrons, VLDL, IDL, HDL inhibitor of lipoprotein lipase
Apo E 34 145 chylomicrons, VLDL, IDL, HDL facilitates uptake of chylomicron remnants
Apo (a) 250 000-800 000 Lp (a) uncertain
Table 2: Classification and properties of major human plasma apolipoproteins. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Apo: apolipoprotein, HDL: high density lipoproteins, VLDL: very low density lipoproteins, IDL: intermediate density lipoproteins,  
LDL: low density lipoproteins, Lp (a): lipoprotein a 
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3.1.    Apolipoprotein C-II 
The presence of a factor in plasma that activates lipoprotein lipase was first suspected 
in 1955 by Korn (KORN, 1955). About 15 years later, apo C-II was identified as an 
activator of lipoprotein lipase in plasma (HAVEL et al., 1970; LAROSA et al., 1970). 
Human apo C-II is made up of a single polypeptide chain that consists of 79 amino 
acids. However, the mature apolipoprotein is 73 amino acids long and is a product of 
proteolytic cleavage of the original polypeptide chain (FOJO et al., 1986). The human 
apo C-II gene is located on chromosome 19, has 4 exons, and encodes a polypeptide 
chain of 101 amino acids that includes a 22 amino acid signal peptide (FOJO et al., 
1984; FOJO et al., 1986; FOJO et al., 1987). Apolipoprotein C-II deficiency was first 
described in 1978 by Breckenridge et al. in a human patient with severe 
hypertriglyceridemia (BRECKENRIDGE et al., 1978). Since then several reports of 
apo C-II deficient patients have been published, and the abnormal apo C-II protein has 
been sequenced (YAMAMURA et al., 1979; MILLER et al., 1981; STALENHOEF et 
al., 1981; CATAPANO et al., 1983; SAKU et al., 1984; BAGGIO et al., 1986; 
CONNELLY et al., 1987a; CONNELLY et al., 1987b). However, it wasn’t until 1988 
when the DNA sequence of the apo C-II gene was described in human patients with 
hypertriglyceridemia (COX et al., 1988; FOJO et al., 1988b). To date, at least 16 
mutations of the apo C-II gene have been reported in humans (COX et al., 1988; 
FOJO et al., 1988a; FOJO et al., 1988b; FOJO et al., 1989a; FOJO et al., 1989b; 
CRECCHIO et al., 1990; HEGELE et al., 1991; XIONG et al., 1991; PARROTT et 
al., 1992; INADERA et al., 1993; PULLINGER et al., 1993; STREICHER et al., 
1996; DE GRAAF et al., 2000; WILSON et al., 2003; LAM et al., 2006). Mutations 
of the apo C-II gene have not been reported in dogs. 
4.    Plasma lipid enzymes 
4.1.    Lipoprotein lipase 
Lipoprotein lipase is an enzyme that hydrolyzes triglycerides within lipoproteins into 
free fatty acids, mono- and diglycerides, and glycerol. Lipoprotein lipase is 
synthesized primarily in adipose tissue and skeletal muscle and is transported to the 
luminal surface of the capillary endothelial cells (NILSSON-EHLE et al., 1980; 
Literature review 
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CRYER, 1981; SEMENKOVICH et al., 1989; WANG & HARTSUCK, 1992). The 
adhesion of this enzyme to the endothelium is facilitated by heparan sulfated 
proteoglycans, which can be competed by heparin (CRYER, 1981; WANG & 
HARTSUCK, 1992). Apolipoprotein C-II (found in chylomicrons and VLDL) is an 
important co-factor of lipoprotein lipase (CRYER, 1981; AMEIS et al., 1992; WANG 
& HARTSUCK, 1992; GINSBERG, 1998; RIFAI et al., 1999; BAUER, 2004; 
JOHNSON, 2005). Lipoprotein lipase activity is hormonally controlled and is 
regulated dependant on tissue energy requirements (BEN ZEEV et al., 1983). The 
crucial role of lipoprotein lipase in lipoprotein metabolism has been demonstrated in 
experimental animals (knockout mice), cats, dogs, and humans with lipoprotein lipase 
deficiency, which leads to severe hypertriglyceridemia (BAUM, 1969; LEES et al., 
1973; BRUNZELL et al., 1986; JONES et al., 1986a; JONES et al., 1986b; HUBERT 
et al., 1987; PERITZ et al., 1990; HAYDEN et al., 1994; COLEMAN & SEIP, 1995; 
WEINSTOCK, 1995; BIJVOET & GAGNE, 1996; MURTHY et al., 1996; 
GINZINGER & CLEE, 1999).   
4.2.    Hepatic triglyceride lipase 
Hepatic triglyceride lipase, also known as hepatic lipase, is a glycoprotein synthesized 
by hepatocytes and is located on endothelial cells of hepatic sinusoids, but also on 
endothelial cells of several extrahepatic tissues ( FROST et al., 1982; LAPOSATA et 
al., 1987; CONNELLY, 1999). In contrast to lipoprotein lipase, hepatic lipase does 
not require the presence of a co-factor for enzymatic activity (LAROSA et al., 1972). 
It is involved in hepatic uptake of triglycerides and phospholipids from chylomicrons 
and VLDL remnants, and also in the conversion of VLDL to LDL (NILSSON-EHLE 
et al., 1980; JENSEN et al., 1982; CONNELLY, 1999). In addition, hepatic lipase 
may be the major enzyme responsible for the conversion of HDL2 to HDL3 
(NIKKILA, 1981). Thus hepatic lipase plays a crucial role in triglyceride removal 
from the circulation and deficiency of this enzyme has been associated with the 
development of premature atherosclerosis (BRECKENRIDGE et al., 1982; 
CONNELLY & HEGELE, 1998). 
Literature review 
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4.3.    Lecithin-cholesterol acyl transferase (LCAT) 
LCAT is a glycoprotein synthesized primarily by the liver, which circulates in the 
blood mainly bound to HDL (TALL, 1990; FIELDING & FIELDING, 1995; JONAS, 
2000). LCAT acts on HDL molecules to convert cholesterol into cholesteryl esters. 
The newly formed cholesteryl esters move to the core of the HDL molecule, thus 
allowing more cholesterol to be transferred from tissues into HDL molecules (TALL, 
1990; FIELDING & FIELDING, 1995; JONAS, 2000; BAUER, 2004; JOHNSON, 
2005). Through this function, LCAT plays a crucial role in a pathway known as 
reverse cholesterol transport. Reverse cholesterol transport is very important because, 
through this pathway, cholesterol is transferred from peripheral tissues to the liver for 
reuse or excretion (FIELDING & FIELDING, 1995). At least 40 mutations of the 
LCAT gene have been reported in humans, and are associated with greatly decreased 
plasma HDL concentrations and susceptibility to coronary heart disease 
(KUIVENHOVEN et al., 1997; CALABRESI et al., 2005). 
4.4.    Cholesteryl ester transfer protein (CETP) 
In humans, CETP is synthesized by the liver and its major function is to transport 
triglycerides from VLDL and chylomicrons to HDL2 and cholesteryl esters (produced 
by LCAT) from HDL2 to VLDL and LDL (DECKELBAUM et al., 1982; TALL, 
1990; FIELDING & FIELDING, 1995; GINSBERG, 1998; JOHNSON, 2005). This 
results in the formation of cholesteryl ester-rich LDL and VLDL molecules and 
triglyceride-rich HDL2 (TALL, 1990; FIELDING & FIELDING, 1995; BAUER, 
2004; JOHNSON et al., 2005). However, the presence of CETP has not been 
documented in dogs and is questionable in cats (DEMACKER et al., 1987; WATSON 
et al., 1995; TSUTSUMI et al., 2001; BAUER, 2004; JOHNSON, 2005). As a result, 
cholesteryl esters produced by LCAT accumulate in canine HDL2 molecules leading 
to the formation of HDL1, which is unique to dogs (BAUER, 2004; JOHNSON, 
2005). 
5.    Lipid metabolism 
Lipid metabolism can be divided into two basic pathways: the exogenous pathway, 
which is associated with the metabolism of exogenous (dietary) lipids, and the 
Literature review 
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endogenous pathway, which is associated with metabolism of endogenously produced 
lipids (GINSBERG, 1998; RIFAI et al., 1999; BAUER, 2004). 
5.1.    Exogenous pathway 
The first step of dietary lipid metabolism (mainly metabolism of triglycerides, but 
also cholesterol and phospholipids) is digestion (BAUER, 1996; GUYTON & HALL, 
2000). Dietary lipids that reach the duodenum undergo emulsification through the 
action of bile salts and lecithin. Emulsification is crucial for subsequent digestion of 
fat because, through this procedure, the interfacial tension of the fat decreases and 
large fat globules eventually break down into smaller aggregates. This greatly 
increases the total surface area of the fat and makes it accessible for hydrolysis by 
digestive enzymes, which are water-soluble (GUYTON & HALL, 2000). 
 
Dietary triglycerides, cholesterol, and phospholipids are hydrolyzed by gastric and 
pancreatic lipases, cholesteryl ester hydrolase, and phospholipase A2, respectively 
(BAUER, 1996; GUYTON & HALL, 2000; STEINER, 2000). Triglycerides are 
mainly split into free fatty acids and 2-monoglycerides. Hydrolysis products are then 
transferred to the microvilli of the intestinal epithelial cell brush border in the form of 
micelles. At this point the fat hydrolysis products diffuse through the epithelial cell 
membranes into the enteric mucosal cells (BAUER, 1996; GUYTON & HALL, 
2000). In the intestinal mucosal cell, free fatty acids and monoglycerides reassemble 
to form new triglycerides, which then combine with phospholipids, free and esterified 
cholesterol, and apo B48 to form chylomicrons (BAUER, 1995; BAUER, 1996; 
GINSBERG, 1998; RIFAI et al., 1999; BAUER, 2004). 
 
Chylomicrons are the lipoprotein class responsible for transfer of dietary (exogenous) 
lipids. After formation in enterocytes, chylomicrons, which mainly contain 
triglycerides, are secreted into the lacteals and enter the lymphatic and later the blood 
circulation where they acquire apolipoproteins C and apo E from circulating HDL 
molecules (BAUER, 1995; BAUER, 1996; GINSBERG, 1998; RIFAI et al., 1999; 
BAUER, 2004). Apolipoprotein C-II, which is exposed on the chylomicron surface, 
activates the lipoprotein lipase attached to the capillary beds in adipose and muscle 
tissues, which then hydrolyzes triglycerides into free fatty acids and glycerol 
Literature review 
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(BAUER, 1995; BAUER, 1996; GINSBERG, 1998; RIFAI et al., 1999; BAUER, 
2004). Free fatty acids enter the muscle cells (where they are used for energy 
production) and/or adipocytes (for storage). The remaining particles, which are rich in 
cholesterol (chylomicron remnants), return their apo C-II molecule to HDL and are 
recognized by specific hepatic apo E receptors that rapidly remove them from the 
circulation by way of endocytosis (BAUER, 1995; BAUER, 1996; GINSBERG, 
1998; RIFAI et al., 1999; BAUER, 2004). The cholesterol found in chylomicron 
remnants can be used for lipoprotein (VLDL) and/or bile acid formation, or stored as 
cholesteryl ester (BAUER, 1995; BAUER, 1996). 
5.2.    Endogenous pathway 
While chylomicrons are responsible for transport of dietary lipids, VLDL, LDL, and 
HDL are mainly involved in the metabolism of endogenously produced lipids 
(BAUER, 1996). As mentioned earlier, both triglycerides and cholesterol can be 
synthesized by the liver. Endogenously synthesized triglycerides and cholesterol (and 
cholesteryl esters) combine with phospholipids and apo B100 to form VLDL (BAUER, 
1996; GINSBERG, 1998; RIFAI et al., 1999). In dogs, apo B48 is also present in 
VLDL molecules (BAUER, 2004). After VLDL molecules reach the vasculature they 
acquire apolipoproteins C and apo E from HDL (BAUER, 1995; GINSBERG, 1998; 
RIFAI et al., 1999; BAUER, 2004). As is the case for chylomicrons, VLDL apo C-II 
activates lipoprotein lipase located in capillary beds, which in turn leads to hydrolysis 
of triglycerides and the production of free fatty acids and glycerol. The VLDL 
molecules remaining after hydrolysis of VLDL triglycerides (VLDL remnants) are 
either removed from the circulation by the liver or undergo further transformation by 
lipoprotein lipase and/or hepatic lipase to form LDL (BAUER, 1995; BAUER, 1996; 
GINSBERG, 1998; RIFAI et al., 1999; BAUER, 2004; JOHNSON, 2005). 
 
LDL, which contains mainly cholesteryl esters, circulates in the blood and binds to 
specific receptors that are widely distributed throughout tissues. This way, cholesterol 
is delivered to peripheral tissues in order to be used for the synthesis of steroid 
hormones and cell membranes, and for hepatic metabolism (BAUER, 1996; 
GINSBERG, 1998; RIFAI et al., 1999). 
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HDLs, which are synthesized primarily in the liver, play an important role as donors 
and acceptors of apolipoproteins C, apo E, and various lipids from other lipoproteins 
in the circulation (TALL, 1990; WATSON & BARRIE, 1993; GINSBERG, 1998; 
RIFAI et al., 1999; BAUER, 2004). They play a fundamental role in the metabolic 
pathway known as the reverse cholesterol transport pathway (WATSON & BARRIE, 
1993; FIELDING & FIELDING, 1995; GINSBERG, 1998; BAUER, 2004). Through 
this metabolic pathway, cholesterol is transferred from peripheral tissues to the small 
circulating discoid HDL molecules, thus converting them to nascent HDL3 molecules. 
Cholesterol is then esterified by the action of LCAT and cholesteryl esters move to 
the core of the HDL3 molecule thus allowing more free cholesterol to get absorbed 
into their surface. Continued absorption of free cholesterol and subsequent 
esterification by LCAT leads to the formation of the larger, cholesteryl ester-rich 
HDL2. Cholesteryl esters of HDL2 molecules are eventually delivered to the liver for 
reuse or excretion (FIELDING & FIELDING, 1995; GINSBERG, 1998; RIFAI et al., 
1999; BAUER, 2004). With this pathway, cellular and lipoprotein cholesterol is 
transferred back to the liver for reuse or disposal. In humans, an additional enzyme 
(cholesteryl ester transfer protein) is involved in this process but, as mentioned earlier, 
the presence of this enzyme has not been documented in dogs and its existence in 
questionable in cats (DEMACKER et al., 1987; WATSON & BARRIE, 1993; 
WATSON et al., 1995; GINSBERG, 1998; TSUTSUMI et al., 2001; BAUER, 2004; 
JOHNSON, 2005). The role of this enzyme is to transfer triglycerides from LDL, 
VLDL, and chylomicrons to HDL2 in exchange for cholesteryl esters. This results in 
the production of cholesteryl ester-rich LDL and triglyceride-rich HDL2 molecules 
(WATSON & BARRIE, 1993; GINSBERG, 1998; RIFAI et al., 1999; BAUER, 2004; 
JOHNSON, 2005). The absence of this enzyme in dogs might be responsible for 
certain differences in lipoprotein metabolism between this species and human beings. 
Due to absence of this enzyme, HDL2 molecules continuously acquire cholesteryl 
esters, resulting in the formation of HDL1 molecules, which are unique to dogs. On 
HDL1, cholesteryl esters are transferred from tissues to the liver for disposal or reuse 
rather than in LDL or VLDL molecules, which transfer cholesterol to peripheral 
tissues (WATSON & BARRIE, 1993; BAUER, 2004; JOHNSON, 2005). Thus, it is 
this function of HDL1 that accounts for the lower incidence of atherosclerotic 
disorders in dogs compared to humans (JOHNSON, 2005). 
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6.    Disorders of lipid metabolism 
6.1.    Definitions 
The term hyperlipidemia refers to increased concentrations of lipids (usually 
triglycerides, cholesterol, or both) in the blood (WATSON & BARRIE, 1993; FORD, 
1996; JOHNSON, 2005). More specifically, an increased blood concentration of 
triglycerides is referred to as hypertriglyceridemia, while an increased blood 
concentration of cholesterol is referred to as hypercholesterolemia. The term 
hyperlipoproteinemia refers to increased blood concentrations of lipoproteins, but it is 
often used interchangeably with the term hyperlipidemia (BAUER, 1995). However, 
the term hyperlipoproteinemia should ideally be limited to cases where measurements 
of lipoprotein concentrations have been conducted (BAUER, 1995; JOHNSON, 
2005). 
 
The term lipemia is used to describe turbid or lactescent appearance of serum or 
plasma (WATSON & BARRIE, 1993; FORD, 1996; JOHNSON, 2005). Lipemia is a 
result of hypertriglyceridemia, but not hypercholesterolemia (WATSON et al., 1993; 
BAUER, 1995; FORD, 1996; JOHNSON, 2005). Mild hypertriglyceridemia does not 
cause lipemia. Usually, lipemia is apparent when serum triglyceride concentrations 
exceed 200 - 300 mg/dL (BAUER, 1995). As serum triglyceride concentrations 
increase, serum becomes turbid (cloudy) and then lactescent (milky). 
 
Hypertriglyceridemia is a relatively common clinicopathologic finding in dogs. In a 
study of 1,022 blood samples from both healthy and diseased dogs of various breeds, 
5.4% had increased serum triglyceride concentrations, but the study did not include 
grossly lipemic samples (COMAZZI et al., 2004). Postprandial hypertriglyceridemia 
is normal and transient, and typically resolves within 7-12 hours after a meal, 
depending on the fat content of the meal (DOWNS et al., 1997; BAUER, 2004). 
Persistent fasting hypertriglyceridemia is always considered abnormal and can either 
be primary (most commonly idiopathic) or be secondary to other diseases or drug 
administration (BAUER, 2004).  
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6.2.    Laboratory evaluation of lipid disorders 
6.2.1.    Serum turbidity 
Visual evaluation of plasma or serum usually offers the first estimate of a sample’s 
triglyceride concentration. Samples that have normal or near normal serum 
triglyceride concentrations are clear, while samples with increased serum triglyceride 
concentrations are lipemic (turbid or lactescent; Figure 1) (WATSON & BARRIE, 
1993; FORD, 1996; JOHNSON, 2005). In general, turbidity appears when serum 
triglyceride concentrations are above to 200 - 300 mg/dl and lactescent serum is seen 
when serum triglyceride concentrations are above 1,000 mg/dL (BAUER, 1995; 
JOHNSON, 2005). However, these guidelines provide only a rough estimate of the 
actual serum triglyceride concentration, and measurement of the actual serum 
triglyceride concentration is required. In addition, the presence of 
hypercholesterolemia cannot be excluded on the basis of a clear serum sample 
because hypercholesterolemia does not cause increased serum turbidity (WHITNEY, 
1992; JOHNSON, 2005). 
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Figure 1: Lipemia 
 
Serum samples with normal serum triglyceride concentrations are clear (left tube). As 
serum triglyceride concentration increases, the serum becomes turbid (middle tube) 
and ultimately lactescent (right tube). 
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6.2.2.    Refrigeration test 
The refrigeration test (or chylomicron test) is performed on lipemic samples, and is a 
simple test to determine the specific form of lipoprtotein that is responsible for 
hypertriglyceridemia (ROGERS, 1977; WHITNEY, 1992; JOHNSON, 2005). Serum 
samples are refrigerated and left undisturbed for 10 to 12 hours. Due to their lower 
density, chylomicrons tend to move to the top of the sample and form a “cream layer” 
(Figure 2). When a cream layer is formed, chylomicrons account (partially or solely) 
for the hypertriglyceridemia (ROGERS, 1977; WHITNEY, 1992; JOHNSON, 2005). 
If there is no cream layer formation, the hypertriglyceridemia and lipemia are due to 
an excess of other lipoproteins (usually VLDL, because these contain high 
concentrations of triglycerides) (WHITNEY, 1992; JOHNSON, 2005). When a cream 
layer forms, the serum below the cream layer can either be clear or turbid. In the first 
case, hyperchylomicronemia is most likely solely responsible for the 
hypertriglyceridemia, while in the second case other lipoproteins are also present in 
excess (Figure 2) (WHITNEY, 1992; JOHNSON, 2005). 
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Figure 2: Chylomicron test. 
 
The picture on the left shows a lipemic serum sample from a dog with 
hypertriglyceridemia right after separation of the serum from the clot. The same 
serum sample is shown on the right after overnight refrigeration (chylomicron test). 
The formation of a cream layer is obvious. The remaining serum below the cream 
layer is clear (although hemolytic), which suggests that other classes of lipoproteins 
are not increased in this patient. 
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6.2.3.    Methods for quantification and characterization of lipids in blood 
Routine quantitative assessment of total cholesterol and triglyceride concentrations in 
serum or plasma is usually achieved by use of spectrophotometric or enzymatic 
methods (NELSON et al., 2004). Lipoprotein electrophoresis has been commonly 
used to further characterize lipid abnormalities in dogs and other animals, but has 
limited use in the routine clinical evaluation of hyperlipidemic dogs (WHITNEY, 
1992; NELSON et al., 2004). Some differences of serum lipoprotein and fatty acid 
concentrations among dog breeds have been reported (DOWNS et al., 1993; SMITH 
et al., 2008). Finally, ultracentrifugation has been used to separate serum or plasma 
lipoproteins based on their density. However, due to its high cost, this method is not 
routinely used in veterinary medicine. 
 
6.3.    Causes of hyperlipidemia 
Postprandial hypertriglyceridemia is physiologic and transient, and typically resolves 
within 7-12 hours after a meal, depending on the fat content of the meal (WHITNEY, 
1992; DOWNS et al., 1997; BAUER, 2004; JOHNSON, 2005). For that reason, 
determination of serum lipid concentrations should always follow a fast of at least 12 
hours. Persistent fasting hypertriglyceridemia is always considered abnormal and can 
either be primary (idiopathic) or secondary due to other diseases or drug 
administration.  
 
6.3.1.    Secondary causes of hyperlipidemia 
Secondary hyperlipidemia is the most common pathologic form of hyperlipidemia in 
dogs (NELSON et al., 2004). Several diseases have been reported to cause 
hyperlipidemia.  
 
6.3.1.1.    Endocrine Diseases 
Most commonly, canine hyperlipidemia is the result of an endocrine disorder, such as 
hypothyroidism, diabetes mellitus, or hyperadrenocorticism (ROGERS et al., 1975b; 
ROGERS, 1977; WHITNEY, 1992; BAUER, 2004; FELDMAN & NELSON, 2004; 
JOHNSON, 2005). Increases of both serum triglyceride and cholesterol 
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concentrations have been reported in dogs with hypothyroidism (ROGERS et al., 
1975b; BARRIE et al., 1993; PANCIERA, 1994; DIXON et al., 1999; SCHENCK et 
al., 2004). In one study, hypertriglyceridemia and hypercholesterolemia were found in 
88% and 78% of dogs with hypothyroidism, respectively (DIXON et al., 1999). 
Usually, lipid abnormalities resolve after treatment of hypothyroidism (ROGERS et 
al., 1975b). Dogs with diabetes mellitus commonly have hyperlipidemia, which is 
most commonly associated with hypertriglyceridemia, although hypercholesterolemia 
might also be present (ROGERS et al., 1975b; WILSON et al., 1986; WHITNEY, 
1992; BARRIE et al., 1993; FELDMAN & NELSON, 2004; JOHNSON, 2005). 
Hypertriglyceridemia usually resolves after successful treatment of diabetes, but 
hypercholesterolemia might persist despite therapy (GLEESON et al., 1990; 
WHITNEY, 1992). Finally, both naturally occurring and iatrogenic 
hyperadrenocorticism have been associated with hyperlipidemia 
(hypertriglyceridemia and hypercholesterolemia) in dogs (LING et al., 1979; 
WHITNEY, 1992; BARRIE et al., 1993; HUANG et al., 1999; BAUER, 2004; 
FELDMAN & NELSON 2004; JOHNSON, 2005). Hypertriglyceridemia appears to 
be present more frequently than hypercholesterolemia in dogs with 
hyperadrenocorticism, and increases of both types of lipids are usually mild or 
moderate (BAUER, 2004; FELDMAN & NELSON 2004; JOHNSON, 2005). 
 
6.3.1.2.    Pancreatitis 
The presence of hyperlipidemia (hypertriglyceridemia and, to a lesser degree, 
hypercholesterolemia) has long been associated with naturally occurring pancreatitis 
in dogs (ANDERSON & LOW, 1965; ANDERSON & STRAFUSS, 1971; ROGERS 
et al., 1975b; ROGERS, 1977; WHITNEY, 1992; COOK et al., 1993; HESS et al., 
1998; HESS et al., 1999; BAUER, 2004; JOHNSON, 2005; WILLIAMS & 
STEINER, 2005). However, it remains uncertain whether hyperlipidemia develops as 
a result of pancreatitis or can be the cause of pancreatitis in some cases (WHITNEY, 
1992; WILLIAMS & STEINER, 2005). In one study where acute pancreatitis was 
experimentally induced in dogs by intraductal infusion of bile and lyophilized trypsin, 
neither hypertriglyceridemia nor hypercholesterolemia developed up to 96 hours after 
induction of pancreatitis (WHITNEY et al., 1987). Similar results were reported in an 
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older study where pancreatitis was induced in dogs by ligation of the major and minor 
pancreatic ducts (BASS et al., 1976). In this study, pancreatitis did not result in 
hypertriglyceridemia or hypercholesterolemia up to 14 days after induction (BASS et 
al., 1976). In a more recent study, mild increases in serum triglyceride concentrations 
were noted in dogs after induction of pancreatitis with oleic acid (CHIKAMUNE et 
al., 1998). Although serum triglyceride concentrations significantly increased, they 
seemed to remain within the reference range even after induction of pancreatitis 
(CHIKAMUNE et al., 1998). However, this is not clearly discussed in this report 
(CHIKAMUNE et al., 1998). Based on these studies, it can be concluded that 
hypertriglyceridemia is not a feature of experimentally induced pancreatitis in dogs. 
No conclusive statement regarding the role of naturally occurring pancreatitis in the 
development of secondary hyperlipidemia can be made. Given the documented 
association between naturally occurring pancreatitis and hyperlipidemia, it is possible 
that either hyperlipidemia is a preexisting abnormality in some dogs with naturally 
occurring pancreatitis, which may or may not contribute to the development of the 
disease, or that naturally occurring pancreatitis differs from the experimental models 
of pancreatitis used in the above studies in its ability to produce hyperlipidemia. 
 
6.3.1.3.    Obesity 
Increased serum triglyceride and/or cholesterol concentrations have been observed in 
obese dogs (CHIKAMUNE et al., 1995; BAILHACHE et al., 2003; JEUSETTE et al., 
2005). The most profound lipid abnormalities were associated with severe chronic 
obesity (JEUSETTE et al., 2005). Weight loss in obese dogs leads to significant 
decreases of both serum triglyceride and cholesterol concentrations (DIEZ et al., 
2004; JEUSETTE et al., 2005). 
 
6.3.1.4.    Protein losing nephropathy (PLN) 
Proteinuria associated with PLN, regardless of the cause, is often associated with 
hyperlipidemia in dogs (CHEW et al., 1983; CENTER et al., 1987; DIBARTOLA et 
al., 1989; DIBARTOLA et al., 1990; REUSCH et al., 1994; COOK & COWGILL, 
1996; DE MORAIS et al., 1996; LITTMAN et al., 2000). The most commonly 
reported lipid abnormality in dogs with PLN is hypercholesterolemia, which is usually 
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mild or moderate (CHEW et al., 1983; CENTER et al., 1987; DIBARTOLA et al., 
1989; DIBARTOLA et al., 1990; REUSCH et al., 1994; COOK & COWGILL, 1996; 
DE MORAIS et al., 1996; LITTMAN et al., 2000). Hypercholesterolemia in dogs 
with PLN is usually part of a more complex syndrome, the nephrotic syndrome, 
which in addition to hypercholesterolemia, is characterized by hypoalbuminemia, 
proteinuria, and ascites (BAUER, 2004; JOHNSON, 2005). Hypercholesterolemia has 
been reported with varying frequencies in dogs with acquired glomerular disease 
(amyloidosis or glomerulonephritis) and proteinuria, as well as several hereditary 
forms of PLN (Chinese Shar-peis, Golden Retrievers, Soft-coated Wheaten Terriers, 
Doberman Pinschers, and Bernese Mountain dogs) (CHEW et al., 1983; CENTER et 
al., 1987; DIBARTOLA et al., 1989; DIBARTOLA et al., 1990; REUSCH et al., 
1994; COOK & COWGILL, 1996; DE MORAIS et al., 1996; LITTMAN et al., 
2000). 
 
6.3.1.5.    Cholestasis 
Cholestasis has been reported to lead to mild or moderate hypercholesterolemia and 
mild hypertriglyceridemia in dogs (DANIELSSON et al., 1977; WHITNEY, 1992; 
CHUANG et al., 1995). Changes in lipoproteins, mainly excessive esterification of 
lipoprotein cholesterol, have also been reported in dogs with experimentally induced 
cholestasis (BLOMHOFF et al., 1978; WALLI & SEIDEL, 1984). 
 
6.3.1.6.    Other causes 
Several other causes of hyperlipidemia have been reported or suspected to exist in 
dogs. These include high fat diets, lymphoma, infection with Leishmania infantum, 
congestive heart failure due to dilated cardiomyopathy, and administration of certain 
drugs (e.g., glucocorticoids) (NIETO et al., 1992; OGILVIE et al., 1994; 
BURKHARD & MEYER, 1995; DOWNS et al., 1997; TIDHOLM & JONSSON, 
1997). Finally, in a recent study, significantly increased serum triglyceride 
concentrations were reported in association with other lipid abnormalities in dogs 
with parvoviral enteritis (YILMAZ & SENTURK, 2007). 
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6.3.2.    Primary causes of hyperlipidemia in dogs 
In general, primary lipid abnormalities have not been sufficiently studied in dogs. 
They appear to be rare and are usually, but not always, associated with specific 
breeds. Primary hyperlipidemia in Miniature Schnauzers was the first breed-related 
primary lipid disorder described in dogs, and is believed to be the most common 
(ROGERS et al., 1975a; WHITNEY, 1992; FORD, 1993; WHITNEY et al., 1993; 
BAUER, 1995; BAUER, 2004). This condition was first reported more than 30 years 
ago in Miniature Schnauzers in the United States, but has not been documented 
elsewhere (ROGERS et al., 1975a; WHITNEY, 1992; FORD, 1993; WHITNEY et 
al., 1993; BAUER, 1995; BAUER, 2004). It is characterized by abnormal 
accumulation of VLDL or a combination of VLDL and chylomicrons (FORD, 1993; 
WHITNEY et al., 1993). Although hypercholesterolemia may also be present, this 
finding is not consistent (WHITNEY, 1992; FORD, 1993; WHITNEY et al., 1993). 
The cause of hypertriglyceridemia in Miniature Schnauzers remains unclear, but 
possible mechanisms include increased production and/or decreased clearance of 
VLDL and chylomicrons (FORD, 1993; BAUER, 1995; FORD, 1996). The fact that 
hypertriglyceridemia is prevalent within a single breed suggests a possible hereditary 
mechanism (ROGERS et al., 1975a; FORD, 1993; WHITNEY et al., 1993). Because 
lipoprotein lipase is the major enzyme involved in triglyceride clearance, deficiency 
of this enzyme has been considered as a possible cause of hypertriglyceridemia in this 
breed. Two studies that included both Miniature Schnauzers and dogs of other breeds 
with primary hyperlipidemia, found that lipoprotein lipase activity was significantly 
lower in plasma from hyperlipidemic dogs than in healthy control dogs (SCHENCK, 
2002; JAEGER et al., 2003). However, a recent study in Miniature Schnauzers with 
hypertriglyceridemia and pancreatitis failed to identify any mutations of the 
lipoprotein lipase gene, suggesting that inherited lipoprotein lipase dysfunction is not 
the cause of hypertriglyceridemia in this breed (SCHICKEL, 2005a). Further studies 
are warranted to identify the genetic basis of idiopathic hypertriglyceridemia in 
Miniature Schnauzers. 
 
Primary hypercholesterolemia without hypertriglyceridemia has been well 
documented in 15 Briards from the UK (WATSON et al., 1993). A similar condition 
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has recently been described in a family of rough Collies also from the UK 
(JEUSETTE et al., 2004) A slightly different condition of primary 
hypercholesterolemia with or without concurrent hypertriglyceridemia has been 
reported in Shetland Sheepdogs in Japan (SATO et al., 2000). The cause of these lipid 
abnormalities that mainly involve cholesterol metabolism cannot be determined based 
on these studies, but hereditary factors have been suspected (SATO et al., 2000; 
WATSON et al., 1993). In addition, primary hypercholesterolemia has been 
anecdotally reported in Doberman Pinschers and Rottweilers (ARMSTRONG & 
FORD, 1989). 
 
Primary hyperlipidemia with hypercholesterolemia and hypertriglyceridemia has been 
reported in two related Beagles (WADA et al., 1977). Also, primary 
hypertriglyceridemia has been reported in two related adult Brittany Spaniels and one 
mixed-breed 28-day old puppy. In all 3 cases, lipoprotein lipase deficiency was 
suspected based on a deficient or absent lipoprotein lipase activity after heparin 
administration (BAUM, 1969; HUBERT et al., 1987).  
 
6.4.    Clinical signs and complications of hyperlipidemia  
In general, dogs with secondary hyperlipidemia display clinical signs associated with 
the primary disorder. Dogs with primary lipid disorders are often asymptomatic for 
long periods or even throughout their lives. However, in some cases, dogs with 
primary hyperlipidemia develop secondary diseases as a result of hyperlipidemia that 
may account for the development of specific clinical signs. Whether or not dogs with 
primary hyperlipidemia will develop clinical signs depends on many factors, 
including the type and severity of hyperlipidemia, and the presence or absence of 
other diseases. 
 
6.4.1.    Pancreatitis 
An association between hyperlipidemia and pancreatitis was first noted by Speck in 
1865 (SPECK, 1865). Today, severe hypertriglyceridemia is a known risk factor for 
the development of pancreatitis in humans (CAMERON et al., 1974; TOSKES, 1990; 
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FORTSON et al., 1995; YADAV & PITCHUMONI, 2003). Although hyperlipidemia 
has been reported in up to 38% of human patients with pancreatitis, in the vast 
majority of these patients, hyperlipidemia is mild and is likely the result rather than 
the cause of pancreatitis (TOSKES, 1990; FORTSON et al., 1995; YADAV & 
PITCHUMONI, 2003). An increased risk for pancreatitis from hyperlipidemia has 
been shown to exist when serum triglyceride concentrations exceed 1,000 mg/dL, 
which is most commonly associated with primary defects in lipid metabolism 
(TOSKES, 1990; FORTSON et al., 1995; YADAV & PITCHUMONI, 2003). Lipid 
disorders most commonly associated with pancreatitis in humans are lipoprotein 
lipase or apo C-II deficiency, familial combined hyperlipidemia, and familial 
hypertriglyceridemia (TOSKES, 1990; YADAV & PITCHUMONI, 2003). The latter 
2 conditions occur much more frequently than lipoprotein lipase or apo C-II 
deficiency, but the underlying genetic defects have not yet been determined 
(TOSKES, 1990; YADAV & PITCHUMONI, 2003). In cases where secondary 
hyperlipidemia is severe (i.e., >1,000 mg/dL) or if it is combined with a primary lipid 
disorder, it can potentially also lead to pancreatitis. For example, hyperlipidemic 
pancreatitis has been found to occur more commonly in patients with poorly 
controlled or untreated diabetes or diabetic ketoacidosis (FORTSON et al., 1995; 
NAIR et al., 2000). Hypercholesterolemia does not constitute a risk factor for 
pancreatitis in humans (TOSKES, 1990). The mechanism by which 
hypertriglyceridemia (primary or secondary) induces pancreatitis is not clear. A 
possible mechanism is that serum triglycerides are hydrolyzed by the action of 
pancreatic lipase, leading to excessive production of free fatty acids, which are toxic 
to the pancreas (HAVEL, 1969; SAHARIA et al., 1977). To date, there are no means 
to predict which hyperlipidemic patients will develop pancreatitis, and the clinical 
course of hyperlipidemic pancreatitis is no different from other forms of pancreatitis 
in humans (TOSKES, 1990; YADAV & PITCHUMONI, 2003). 
 
A similar relationship between hypertriglyceridemia and pancreatitis has been 
suggested in dogs (ROGERS et al., 1975a; ROGERS, 1977; WHITNEY, 1992; 
FORD, 1993; BAUER, 1995; FORD, 1996; WILLIAMS, 1996; BAUER, 2004; 
WILLIAMS & STEINER, 2005). In addition, the clinical impression of a high 
prevalence of pancreatitis in Miniature Schnauzers has been attributed to the fact that 
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dogs of this breed commonly develop hyperlipidemia (WHITNEY, 1992; FORD, 
1996; WILLIAMS, 1996; WILLIAMS & STEINER, 2005). Available clinical and 
experimental data to support this hypothesis are limited, however. Pancreatitis has 
been shown to develop in dogs after feeding high fat, low protein diets, and is more 
severe when induced in dogs being fed a high fat diet (LINDSAY et al., 1948; 
GOODHEAD, 1971). Also, experimental data in isolated canine pancreas showed that 
high triglyceride concentrations can induce pancreatitis, possibly through the release 
of free fatty acids (SAHARIA et al., 1977). Clinical studies have shown an 
association between hyperlipidemia and pancreatitis in dogs, although it was not 
determined whether hyperlipidemia was the cause or the result of pancreatitis, or just 
an incidental finding in some cases (ROGERS et al., 1975a; ROGERS et al., 1975b; 
WHITNEY et al., 1987; COOK et al., 1993; HESS et al., 1998; HESS et al., 1999; 
WILLIAMS & STEINER, 2005). Secondary hyperlipidemia seen in patients with 
some endocrinopathies (e.g., hypothyroidism, hyperadrenocorticism, or diabetes 
mellitus), may be responsible for the increased risk for pancreatitis associated with 
these diseases (HESS et al., 1999; HESS et al., 2000). Also, hyperlipidemia has been 
observed in obese dogs, suggesting a possible explanation for why obese dogs are 
more prone to pancreatitis (CHIKAMUNE et al., 1995; HESS et al., 1999). Based on 
these studies, an association between hypertriglyceridemia and pancreatitis in dogs is 
obvious, but a cause-and-effect relationship cannot be established. Further studies are 
needed in order to evaluate hypertriglyceridemia as a risk factor for pancreatitis in 
dogs.  
 
6.4.2.    Atherosclerosis 
Hyperlipidemia, and especially hypercholesterolemia, is recognized as a major risk 
factor for the development of atherosclerosis in humans (SCHOEN & COTRAN, 
1999). Although dogs are resistant to atherosclerosis due to their lipoprotein 
composition and metabolism, they have been reported to develop atherosclerosis in 
both experimental and clinical studies (MAHLEY et al., 1974; MAHLEY et al., 1977; 
LIU et al., 1986; KAGAWA et al., 1998; HESS et al., 2003). Spontaneous 
atherosclerosis has been reported in dogs mainly in association with secondary 
hyperlipidemia (LIU et al., 1986; HESS et al., 2003). In these cases, atherosclerosis 
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has been thought to develop as a result of hypercholesterolemia (KAYSEN et al., 
1986; HESS et al., 2003). The most commonly reported disorders associated with 
spontaneous atherosclerosis in dogs are endocrinopathies that are associated with 
hypercholesterolemia (HESS et al., 2003; VITALE & OLBY, 2007). In one study, 
60% of 30 dogs with atherosclerosis had hypothyroidism, and 20% had diabetes 
mellitus (HESS et al., 2003). However, in the same study, 23% of the dogs with 
atherosclerosis did not have any endocrine disorder associated with 
hypercholesterolemia, which suggests that atherosclerosis can also develop secondary 
to other diseases (HESS et al., 2003). It is currently not known whether primary 
hyperlipidemia can also be associated with atherosclerosis in dogs (HESS et al., 
2003).  
 
6.4.3.    Insulin resistance and diabetes mellitus 
In human beings, severe hypertriglyceridemia has been reported to be related to 
insulin resistance and the development of diabetes mellitus (SANE & TASKINEN, 
1993; MINGRONE et al., 1997; MINGRONE et al., 1999). Families with hereditary 
hypertriglyceridemia have a high incidence of type 2 diabetes (21% in one 10-year 
study) (SANE & TASKINEN, 1993). In these families, hyperlipidemic family 
members were more likely to develop type 2 diabetes, and increased serum 
triglyceride concentrations were a risk factor for glucose intolerance and type 2 
diabetes (SANE & TASKINEN, 1993). In another study, severely increased serum 
triglyceride concentrations were shown to induce insulin-resistant diabetes mellitus in 
humans (MINGRONE et al., 1999). In addition, correction of hypertriglyceridemia in 
obese patients with diabetes has been shown to improve glucose utilization and 
enhance insulin sensitivity (MINGRONE et al., 1997). In vitro studies show that 
increased nonesterified fatty acid (NEFA) concentrations result in insulin 
hypersecretion by cultured islet cells at low glucose concentrations (MILBURN et al., 
1995). Collectively, above data suggest that hypertriglyceridemia and/or increased 
NEFA concentrations can lead to insulin resistance and type 2 diabetes mellitus in 
humans. The role of hypertriglyceridemia as a risk factor for the development of 
diabetes mellitus has not been studied in dogs.  
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6.4.4.    Liver disease 
In human beings, hypertriglyceridemia has been associated with the development of 
fatty liver and a condition known as NAFLD (ASSY et al., 2000; ANGULO, 2002; 
NEUSCHWANDER-TETRI & CALDWELL, 2003; DE BRUIN et al., 2004; 
BROUWERS et al., 2007). This condition is characterized by excessive lipid 
deposition in hepatocytes with or without concurrent inflammation, fibrosis, and 
cirrhosis in the absence of alcohol abuse (ANGULO, 2002). The pathogenesis of fatty 
liver and NAFLD is not completely understood, but is believed to involve several 
factors, including hypertriglyceridemia, that can potentially lead to substantial lipid 
deposition in hepatocytes (ANGULO, 2002; NEUSCHWANDER-TETRI & 
CALDWELL, 2003). The prevalence of fatty liver in patients with hyperlipidemia, 
including both hypertriglyceridemia and hypercholesterolemia, has been reported to 
be about 50% (ASSY et al., 2000; BROUWERS et al., 2007). However, 
hypertriglyceridemia has been found to be a more useful predictor of fatty liver and, 
in 1 study, about 70% of patients with hypertriglyceridemia were found to have 
ultrasonographic evidence of fatty infiltration of the liver or NAFLD (ASSY et al., 
2000). Most human patients with NAFLD remain asymptomatic for long periods, and 
many of these patients have only abnormally high liver enzyme activities as the initial 
manifestation of NAFLD (ASSY et al., 2000; ANGULO, 2002; NEUSCHWANDER-
TETRI & CALDWELL, 2003). Liver enzyme activities are usually only mildly 
increased (i.e., < 2 times the upper reference limit) and are typically identified during 
routine screening (ANGULO, 2002; NEUSCHWANDER-TETRI & CALDWELL, 
2003). Studies investigating a possible association between hypertriglyceridemia, high 
serum liver enzyme activities, and liver disease in dogs have not been described.  
 
Clinical studies and anecdotal observations suggest that two conditions of the liver 
might be associated with hypertriglyceridemia in dogs: vacuolar hepatopathy and 
gallbladder mucocele (CENTER, 1996b; SCHERK & CENTER 2005). Vacuolar 
hepatopathy shares some common characteristics with certain types of NAFLD, such 
as the fact that both can be asymptomatic for long periods and that histopathologically 
they are characterized by vacuole formation of hepatocytes (CENTER, 1996b; 
NEUSCHWANDER-TETRI & CALDWELL, 2003; HUBSCHER, 2006). 
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Gallbladder mucocele has been commonly reported in dog breeds that are predisposed 
to idiopathic hyperlipidemia (e.g., Miniature Schnauzers and Shetland Sheepdogs) 
and hyperlipidemia has been implicated in gallbladder disease in humans (BOLAND 
et al., 2002; PIKE et al., 2004; AGUIRRE et al., 2007). A clear association between 
the presence of hyperlipidemia and gallbladder mucocele formation had not been 
described in dogs, however. In a recent study, an association between gallbladder 
mucocele formation and dyslipidemias (hypertriglyceridemia and 
hypercholesterolemia) was described in Shetland Sheepdogs (AGUIRRE et al., 2007). 
In this study, many of the dogs with a gallbladder mucocele were found to have no 
clinical signs or biochemical abnormalities, except for an increased serum ALP 
activity in some cases (AGUIRRE et al., 2007). The relationship between different 
forms of hyperlipidemia and liver and gallbladder diseases in dogs needs further 
investigation. 
 
6.4.5.    Ocular disease  
Lipemia retinalis has been reported to occur as a result of severe (typically >1,000 
mg/dL) primary or secondary hypertriglyceridemia in humans (SHAH et al., 2001; 
LU et al., 2005). This condition is characterized by lipid accumulation in the retinal 
vessels, which turn white and can be differentiated only by their size (SHAH et al., 
2001; LU et al., 2005). Vision is usually not affected in this condition (SHAH et al., 
2001; LU et al., 2005). Cases of lipemia retinalis have been reported mainly in cats 
with hypertriglyceridemia due to lipoprotein lipase deficiency, and in one dog with 
pancreatitis (BRIGHTMAN et al., 1980; JONES et al., 1986a; JONES et al., 1986b). 
Other ocular manifestations of hyperlipidemia, such as lipemic aqueous and lipid 
keratopathy have also been reported in dogs (CRISPIN, 1993). Recently, solid 
intraocular xanthogranuloma formation was reported as a unique disorder of 
hyperlipidemic Miniature Schnauzers (ZAFROSS & DUBIELZIG, 2007). Diabetic 
Miniature Schnauzers with hyperlipidemia were also considered to be at increased 
risk for the development of uveitis and glaucoma (ZAFROSS & DUBIELZIG, 2007).  
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6.4.6.    Other possible complications of hyperlipidemia 
Seizures have been reported to occur as a result of hypertriglyceridemia in dogs 
(ROGERS et al., 1975a; BODKIN, 1992; BAUER, 1995). In a recent study, severe 
hyperlipidemia (both hypertriglyceridemia and hypercholesterolemia) was reported as 
a possible cause of neurologic signs in 4 Labrador Retrievers with hypothyroidism 
(VITALE & OLBY, 2007). In this study, diagnostic imaging studies related 
neurologic signs to vascular lesions in 2 dogs (VITALE & OLBY, 2007). However, 
the relationship between hyperlipidemia and neurologic disorders remains obscure in 
dogs.  
 
Some authors report that hyperlipidemia can cause clinical signs of abdominal pain, 
lethargy, vomiting, and/or diarrhea, without evidence of pancreatitis or other diseases 
(FORD, 1993; FORD, 1996). This is highly speculative, however, because published 
reports are lacking and, given the difficulty in diagnosing pancreatitis especially in 
past decades, pancreatitis could easily have been missed. Finally, cutaneous 
xanthomas and peripheral neuropathies have also been reported, mainly in cats with 
lipoprotein lipase deficiency (JONES et al., 1986b). 
 
6.5.    Treatment of hyperlipidemia 
The first step in the treatment of canine hyperlipidemia is the determination of 
whether the patient has a primary or a secondary lipid disorder (ROGERS, 1977; 
FORD, 1996; JOHNSON, 2005). Thus, specific diagnostic investigation should be 
performed in order to diagnose or rule out diseases that can cause secondary 
hyperlipidemia. Treatment of secondary hyperlipidemia relies on successful treatment 
of the primary disorder, after which hyperlipidemia usually resolves (ROGERS, 1977; 
WHITNEY, 1992; FORD, 1996; JOHNSON, 2005). 
 
After secondary causes of hyperlipidemia have been ruled out, a presumptive 
diagnosis of a primary lipid disorder can be made (WHITNEY, 1992). It has been 
recommended that hypertriglyceridemia that exceeds 500 mg/dL should be treated in 
order to avoid possible complications (WHITNEY, 1992; FORD, 1996). It also has 
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been recommended that the treatment goal should be to keep serum triglyceride 
concentrations below 500 mg/dL (FORD, 1996). Primary hypercholesterolemia is 
usually associated with less severe complications compared to hypertriglyceridemia. 
Therefore, correction of hypercholesterolemia is only recommended when serum 
cholesterol concentrations are severely increased (FORD, 1996). 
 
6.5.1.    Dietary management 
Typically, the first step in the management of primary hyperlipidemia is dietary 
modification (ROGERS, 1977; WHITNEY, 1992; FORD, 1996; JOHNSON, 2005). 
Dogs with primary hyperlipidemia should be offered a low fat diet throughout their 
lives (FORD, 1996). Especially dogs with hyperchylomicronemia (i.e., most 
Miniature Schnauzers with primary hyperlipidemia) will typically benefit from low 
fat diets because chylomicrons are a result of dietary fat absorption (ROGERS, 1977; 
BAUER, 1995; FORD, 1996). Diets that contain less than 20% fat on a metabolic 
energy basis are recommended (FORD, 1996; ELLIOTT, 2005; JOHNSON, 2005). 
Many commercially available diets are suitable for dogs with primary hyperlipidemia. 
Treats and table scraps should be avoided unless they are low in fat (ELLIOTT, 
2005). Serum lipid concentrations should be re-evaluated after feeding a low fat diet 
for about 4 weeks (FORD, 1996). If serum triglyceride concentrations have decreased 
to < 500 mg/dL, dietary therapy should be continued and the new diet should be 
offered for the rest of the animal’s life, and serum triglyceride concentrations should 
be re-evaluated every 6 to 12 months (FORD, 1996). However, some animals will not 
sufficiently respond to low fat diets. In these cases, an ultra low fat home-made diet 
(e.g., 10% of fat on a metabolic energy basis) can be offered, or medical treatment can 
be initiated (ELLIOTT, 2005). 
 
6.5.2.    Medical management 
Some dogs with primary hyperlipidemia will not sufficiently respond to feeding a low 
or extra low fat diet alone, especially when hypertriglyceridemia is due to 
endogenously formed triglycerides (FORD, 1993; WATSON & BARRIE, 1993; 
BAUER, 1995; FORD, 1996). In these cases, medical treatment is required in 
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addition to the low fat diet in an effort to effectively reduce serum lipid concentrations 
(FORD, 1993; WATSON & BARRIE, 1993). 
 
Polyunsaturated fatty acids of the n-3 series (omega-3 fatty acids) are abundant in 
marine fish (LOGAS et al., 1991). Omega-3 fatty acid supplementation, usually in the 
form of fish-oil, has been shown to lower serum lipoprotein concentrations in humans 
with primary hypertriglyceridemia, normal humans, and experimental animals 
(ILLINGWORTH et al., 1989; SANDERS et al., 1989; FROYLAND et al., 1995; 
FROYLAND et al., 1996; ADAN et al., 1999; STALENHOEF et al., 2000; 
OKUMURA et al., 2002). Proposed mechanisms of action include decreased 
production of VLDL, which contain high concentrations of triglycerides, and 
inhibition of triglyceride synthesis (LEBLANC et al., 2005). In a recent study of 
healthy dogs, fish-oil supplementation led to a significant reduction of serum 
triglyceride concentrations, suggesting that fish oil supplementation could play a role 
in the treatment of primary canine hypertriglyceridemia (LEBLANC et al., 2005). No 
major side effects were observed (LEBLANC et al., 2005). However, studies 
evaluating the efficacy of fish-oil supplementation in dogs with primary 
hyperlipidemia are lacking and clinical experience is limited. Because side effects are 
rarely reported and efficacy of omega-3 fatty acids is likely, it is recommended by 
some authors that fish-oil should be administered to dogs with primary 
hypertriglyceridemia that do not respond to a low fat diet alone (LOGAS et al., 1991; 
BAUER, 1995; JOHNSON, 2005; LEBLANC et al., 2005). Menhaden fish-oil 
capsules have been successfully used at doses ranging from 220 to 330 mg/kg of body 
weight once a day (BAUER, 1995; LEBLANC et al., 2005). Periodic retesting of 
serum triglyceride concentrations is recommended during the treatment period. 
 
Gemfibrozil belongs to the group of fibric acid derivatives, and has been reported to 
reduce serum triglyceride concentrations in both healthy humans and patients with 
hypertriglyceridemia (BHATNAGAR et al., 1992; SPENCER & BARRADELL, 
1996; STALENHOEF et al., 2000). In dogs its use is anecdotal and it is usually 
administered at a fixed dose of 200 mg/day (BAUER, 1995). Because side effects are 
believed to be minimal and occur rarely, gemfibrozil is commonly recommended in 
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combination with dietary therapy when the latter fails to lower serum triglyceride 
concentrations below 500 mg/dL (BAUER, 1995; WHITNEY, 1992). 
 
Niacin is a vitamin that has been used successfully for the treatment of hyperlipidemia 
in humans for many years (KASHYAP et al., 2002). In dogs, niacin treatment has 
been reported in very few patients with primary hypertriglyceridemia. Niacin reduced 
serum triglyceride concentrations in dogs for several months without causing any side 
effects (WHITNEY, 1992; BAUER, 1995; JOHNSON, 2005). However, large clinical 
trials regarding the efficacy and safety of niacin use in dogs with primary 
hypertriglyceridemia are lacking. As in humans, niacin administration in dogs is 
potentially associated with side effects such as erythema and pruritus (BAUER, 1995; 
KASHYAP et al., 2002). Niacin is usually administered at the dose of 25 to 100 
mg/day (BAUER, 1995). 
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1.1.    Abstract 
Background: Idiopathic hypertriglyceridemia has been reported in Miniature 
Schnauzers (MS). However, studies investigating the prevalence of this disorder in a 
large population of MS are lacking.  
Hypothesis: Our hypothesis was that hypertriglyceridemia is prevalent in healthy 
MS.  
Animals: 192 healthy MS and 38 healthy dogs of other breeds (control dogs). 
Methods: Serum triglyceride and cholesterol concentrations were measured and 
statistically compared in both the MS and control group. Dogs were categorized based 
on their age, and median serum triglyceride concentrations were compared among 
different age groups.  
Results: A total of 63 (32.8%) of the 192 MS had serum triglyceride concentrations 
above the reference range. In contrast, of the 38 control dogs, only 2 (5.3%) had 
serum triglyceride concentrations above the reference range. The median serum 
triglyceride concentration in MS was 73.5 mg/dL, which was significantly higher 
compared to that of the control group (median, 55 mg/dL; p=0.0005). Serum 
cholesterol concentration was above the reference range in 9 (9.0%) of 100 MS and in 
2 (5.3%) of the control dogs. Mean serum cholesterol concentrations were not 
significantly different between the 2 groups (p=0.1374). Median serum triglyceride 
concentrations in MS increased significantly with age (p<0.0001), and there was a 
significant positive correlation between serum triglyceride concentrations and age 
(Spearman r=0.47; p<0.0001). There was no difference in serum triglyceride 
concentrations between male and female MS (p=0.48).  
Conclusion: Healthy Miniature Schnauzers have a high prevalence of 
hypertriglyceridemia compared to healthy dogs of other breeds. Both the prevalence 
and severity of hypertriglyceridemia increase with age.  
1.2.    Key words 
Idiopathic, hypercholesterolemia, hyperlipidemia, dog, prevalence, age. 
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1.3.    Introduction 
Hypertriglyceridemia, which refers to abnormally increased serum triglyceride 
concentrations, is a relatively common clinicopathologic finding in dogs.
1
 In a study 
of 1,022 blood samples from both healthy and diseased dogs of various breeds, 5.4% 
had increased serum triglyceride concentrations, but the study did not include grossly 
lipemic samples.
1
 Postprandial hypertriglyceridemia is normal and transient, and 
typically resolves within 7-12 hours after a meal, depending on the fat content of the 
meal.
2,3
 Persistent fasting hypertriglyceridemia is always considered abnormal and 
can either be primary (idiopathic) or secondary to other diseases or drug 
administration.
2
 Secondary hypertriglyceridemia, which is the most common form in 
dogs, usually is the result of an endocrine disorder such as hypothyroidism, diabetes 
mellitus, or hyperadrenocorticism.
4,5
 Other possible causes of secondary 
hypertriglyceridemia include pancreatitis,
6
 obesity,
7,8
 lymphoma,
9
 or administration of 
certain drugs (e.g., glucocorticoids).
10
 A presumptive diagnosis of idiopathic 
hypertriglyceridemia can only be made when other causes of secondary 
hypertriglyceridemia have been ruled out. Idiopathic hypertriglyceridemia appears to 
be associated with specific breeds, most commonly Miniature Schnauzers.
2,11-14
 Other 
breeds, however, as well as mixed breed dogs, also can be affected.
2,15,16
 Dogs with 
severe hypertriglyceridemia might be at increased risk for the development of 
pancreatitis,
2,11,17
 seizures,
11,18
 or both, although the relationship between these 
disorders and hypertriglyceridemia has not been proven. 
 
Idiopathic hypertriglyceridemia has been reported in Miniature Schnauzers in the 
United States, but has not been documented elsewhere.
11-14
 It is characterized by 
abnormal accumulation of very low density lipoproteins (VLDL) or a combination of 
VLDL and chylomicrons.
12,13
 Although hypercholesterolemia may also be present, 
this finding is not consistent.
12-14
 The cause of hypertriglyceridemia in Miniature 
Schnauzers remains unclear, but possible mechanisms include increased production of 
VLDL and chylomicrons, decreased clearance of VLDL and chylomicrons or both. 
The fact that hypertriglyceridemia is prevalent within a single breed suggests a 
possible hereditary mechanism.
11-13
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Although it is generally accepted that idiopathic hypertriglyceridemia is a common 
disorder in Miniature Schnauzers in the United States, and despite the fact that it can 
potentially be associated with serious diseases (e.g., pancreatitis), it has received 
limited attention. The assumption that Miniature Schnauzers have a high incidence of 
primary hypertriglyceridemia compared to other breeds is largely anecdotal or based 
on small case series.
11,13
 Studies investigating the prevalence and clinical implications 
of the disease in large populations of Miniature Schnauzers are lacking. Also, the 
effects of age, sex, and reproductive status on serum triglyceride concentrations have 
not been sufficiently studied in Miniature Schnauzers.  
 
The aim of this study was to determine the prevalence of hypertriglyceridemia in a 
large population of healthy Miniature Schnauzers, and to further characterize this 
condition in this breed.  
1.4.    Materials and Methods 
Serum samples were collected from healthy Miniature Schnauzers (Miniature 
Schnauzer group). A total of 118 Miniature Schnauzer breeders affiliated with the 
American Miniature Schnauzer Club located in the United States were randomly 
selected, contacted by e-mail, and notified about the study. Several other Miniature 
Schnauzer breeders and owners were informed through the breeders initially 
contacted. Dog owners and breeders interested in this study were asked to contact the 
Gastrointestinal Laboratory to have their dogs enrolled. Breeders and owners who 
decided to participate in the study were sent a package containing an ice pack and 
materials necessary for blood collection and were asked to schedule an appointment 
with their veterinarian for blood collection. Veterinarians were instructed to collect 5-
10 ml of blood into a tube containing no additive, centrifuge the sample after clot 
formation, separate the serum from the blood clot, transfer the serum into another 
tube, and send the samples to the Gastrointestinal Laboratory packaged on ice by 
overnight courier. Breeders and owners were instructed not to feed their dogs for at 
least 12 hours before the scheduled blood collection. In addition, they were asked to 
complete a questionnaire for each dog. Information gathered included date of birth, 
sex, reproductive status (i.e., intact or neutered), body weight, current diet(s), current 
medication(s), and current and past health status of the dog. Finally, all breeders and 
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owners signed and returned an informed owner consent form to the Gastrointestinal 
Laboratory.  
 
Upon receipt, serum samples were immediately aliquoted and stored at -80
o
C until 
analysis. Samples were analyzed for serum triglyceride concentration using an 
enzymatic assay.
a
 Samples from some of the Miniature Schnauzers also were 
analyzed for serum cholesterol concentration using an enzymatic assay.
a
 
Questionnaires from all dogs were reviewed. Inclusion criteria consisted of absence of 
clinical signs of any disease for at least 3 months before blood collection, absence of a 
history of chronic diseases that might affect lipid metabolism (e.g., endocrine 
disorders), and absence of current medications that may affect lipid metabolism (e.g., 
glucocorticoids). 
 
A total of 38 healthy dogs served as controls. Of the 38 dogs, 20 were pure bred dogs 
consisting of 12 breeds, and 18 dogs were mixed breed dogs. The breeds in the 
control group included Labrador Retriever (3), Boxer (2), Border Collie (2), Boston 
Terrier (2), Golden Retriever (2), German Shepherd (1), English Mastiff (1), Alaskan 
Malamute (1), Basset Hound (1), Bloodhound (1), Redbone Coonhound (1), 
Weimaraner (1), Blue Lacy (1), Whippet (1) and 18 mixed breed dogs. Due to the fact 
that Beagles have been reported to have a familial form of hyperlipoproteinemia, dogs 
of this breed were not included in this study.
2,16
 Control dogs were owned by students 
and staff of the College of Veterinary Medicine and Biomedical Sciences at Texas 
A&M University. Owners had been asked not to feed their dogs for at least 12 hours 
before blood collection. In addition, owners were asked to fill out a short 
questionnaire similar to the one used for the Miniature Schnauzers and were asked to 
sign an informed owner consent form. Blood samples were collected and, after clot 
formation and centrifugation at 3,000 rpm for 15 min, serum was transferred to a 
separate tube and stored at - 80
o
C until further use. Samples were analyzed for the 
same constituents as were the samples from the Miniature Schnauzers. 
 
For statistical analyses, the total number of Miniature Schnauzers and dogs of the 
control group with serum triglyceride concentrations above the upper limit of the 
reference range were recorded. Also, the total number of Miniature Schnauzers and 
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dogs of the control group with serum cholesterol concentrations above the upper limit 
of the reference range were recorded. For the purposes of this study, Miniature 
Schnauzers were divided into 3 subgroups based on their serum triglyceride 
concentration: Miniature Schnauzers with normal (reference range: 26-108 mg/dL), 
mildly increased (109-400 mg/dL), and moderately to severely increased (>400 
mg/dL) serum triglyceride concentrations. Although generally accepted criteria for 
categorization of the severity of hypertriglyceridemia are not available, a previously 
suggested categorization was used here.
19
 All data were tested for normal distribution 
using the Kolmogorov-Smirnov test. Median serum triglyceride and mean serum 
cholesterol concentrations were compared between the Miniature Schnauzers and the 
control group using a Mann - Whitney test. The proportion of Miniature Schnauzers 
with serum triglyceride concentrations above the upper limit of the reference range 
was compared with the proportion of control dogs with serum triglyceride 
concentrations above the reference range by use of a Fisher’s exact test. Odds ratios 
with their 95% confidence intervals for having an increased serum triglyceride 
concentration also were calculated for the above data.  
 
Miniature Schnauzers and control dogs were categorized by age into 5 subgroups 
(group 1: < 1 year, group 2: 1 to 3 years, group 3: 3 to 6 years, group 4: 6 to 9 years, 
and group 5: > 9 years). The number of Miniature Schnauzers in each age group was: 
26 for group 1, 51 for group 2, 52 for group 3, 23 for group 4, and 30 for group 5; the 
number of control dogs in each age group was: 4 for group 1, 12 for group 2, 11 for 
group 3, 3 for group 4 and 3 for group 5. Comparison of serum triglyceride 
concentrations among the age classes was based on a Kruskal-Wallis test followed by 
a Dunn’s multiple comparison test. The percentages of Miniature Schnauzers and 
control dogs with serum triglyceride concentrations above the upper limit of the 
reference range, as well as above 400 mg/dL, in each age group were recorded. Also, 
to investigate whether a systematic change in serum triglyceride concentrations 
occurred with age, data were analyzed for correlation between serum triglyceride 
concentrations and age in both the Miniature Schnauzers and the control group. A 
Fisher’s exact test was used to determine whether serum triglyceride concentration 
was associated with sex or reproductive status. 
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For analysis of data sets that were normally distributed, unpaired t-tests and one way 
ANOVAs were used. All statistical analyses were performed using a statistical 
software package
b
 and a p value of < 0.05 was considered significant. 
1.5.    Results 
Serum samples were collected from a total of 213 Miniature Schnauzers. Of those, 
192 were suitable (based on their medical history) for enrollment into the study. The 
21 dogs that were not enrolled in the study had clinical signs at the time of blood 
collection or within <3 months before blood collection. Data on sex and reproductive 
status were available for 187 of the 192 dogs; 114 (61%) of these dogs were female 
and 73 (39%) were male. Forty one (36%) females were spayed and 34 (46.6%) males 
were castrated. Age was available for 182 Miniature Schnauzers and the median age 
was 45 months (range, 4-161 months). Of the 38 dogs in the control group, 17 were 
female (1 intact and 16 spayed) and 21 were male (2 intact and 19 castrated). Age was 
available for 33 dogs (5 dogs were rescue dogs of unknown age), and the median age 
was 42.5 months (range, 2-138 months). There was no significant difference between 
the median ages of the Miniature Schnauzer and control groups (p=0.7106).  
 
A total of 63 (32.8%) of the 192 Miniature Schnauzers had serum triglyceride 
concentrations above the upper limit of the reference range. Of the 38 control dogs, 
only 2 (5.3%) had serum triglyceride concentrations above the upper limit of the 
reference range. Forty one (21.3%) of the 192 Miniature Schnauzers had mild 
increases in serum triglyceride concentration (109-400 mg/dL), and 22 (11.5%) had 
moderate to severe increases in serum triglyceride concentrations (>400 mg/dL). 
None of the control dogs had moderately to severely increased serum triglyceride 
concentrations (>400 mg/dL). The odds ratio for Miniature Schnauzers to have serum 
triglyceride concentrations above the upper limit of the reference range when 
compared to the control group was 8.8 (p=0.0003, 95% CI 2.1 – 37.7). 
 
Serum cholesterol concentrations were measured in a total of 100 Miniature 
Schnauzers. Sixty of them had normal serum triglyceride concentrations, 20 had 
mildly increased serum triglyceride concentrations, and 20 had moderately to severely 
increased serum triglyceride concentrations. A total of 9 (9%) Miniature Schnauzers 
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had serum cholesterol concentrations above the upper limit of the reference range 
(reference range, 124-335 mg/dL), but none (0%) of the 60 Miniature Schnauzers 
with normal serum triglyceride concentrations had a serum cholesterol concentration 
above the upper limit of the reference range. Of the 20 Miniature Schnauzers with 
mildly increased serum triglyceride concentrations only 1 (5%) had a serum 
cholesterol concentration above the upper limit of the reference range, whereas of the 
20 Miniature Schnauzers with moderately to severely increased serum triglyceride 
concentrations 8 (40%) had serum cholesterol concentrations above the upper limit of 
the reference range. In the control group, 2 (5.3%) dogs had serum cholesterol 
concentrations above the upper limit of the reference range; one of these dogs also 
had a serum triglyceride concentration above the reference range.  
 
All data sets, except for serum cholesterol concentrations, failed normality testing and 
non-parametric methods were used for further analysis of the data sets. The median 
serum triglyceride concentration in the Miniature Schnauzer group was 73.5 mg/dL 
(range, 24 – 3,125 mg/dL), which was significantly higher than the median serum 
triglyceride concentration of the control group (median, 55 mg/dL; range, 24 – 205 
mg/dL; p=0.0005; Figure 1). Mean serum cholesterol concentration in Miniature 
Schnauzers was 214 mg/dL, which was not significantly different from the mean 
serum triglyceride concentration in the control group (mean, 233 mg/dL; p=0.1374; 
Figure 2). However, one-way ANOVA analysis showed that the mean serum 
cholesterol concentration in the 20 Miniature Schnauzers with moderately to severely 
increased serum triglyceride concentrations was significantly higher than the mean 
serum cholesterol concentration in the 60 Miniature Schnauzers with normal serum 
triglyceride concentrations (p<0.001) and that of the control group (p<0.001); 
differences between the 20 Miniature Schnauzers with moderately to severely 
increased serum triglyceride concentrations and the 20 Miniature Schnauzers with 
mildly increased serum triglyceride concentrations were not significant (Figure 3).  
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Figure 1. Distribution of serum triglyceride concentrations. 
Scatter plot showing the distribution of serum triglyceride concentrations in Miniature 
Schnauzers and in a group of dogs of other breeds. The line represents the median of 
each group (p=0.0005). 
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Figure 2. Distribution of serum cholesterol concentrations. 
Scatter plot showing the distribution of serum cholesterol concentrations in Miniature 
Schnauzers and in a group of dogs of other breeds. The line represents the mean of 
each group (p=0.1374). 
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Figure 3. Differences in serum cholesterol concentrations among groups. 
Boxplots of serum cholesterol concentrations (mg/dL) for different triglyceride (TG) 
groups in Miniature Schnauzers. The line in the rectangle corresponds to the mean, 
the upper and lower limits of the rectangle correspond to the 25
th
 and 75
th
 percentile, 
respectively, and the whiskers correspond to the lowest and highest values. The p-
values show the significance of the differences in serum cholesterol concentrations 
between groups compared to the group with severely increased serum triglyceride 
concentrations (Severe TG). 
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The Kruskal-Wallis test indicated that median serum triglyceride concentrations in 
Miniature Schnauzers differed significantly among the age classes (p<0.0001; Figure 
4). In particular, median serum triglyceride concentrations of Miniature Schnauzers in 
the age class > 9 years differed significantly from the age classes of < 1 year 
(p<0.001), 1 to 3 years (p<0.001), and 3 to 6 years (p<0.001). In addition, median 
serum triglyceride concentrations of Miniature Schnauzers in the age class < 1 year 
differed significantly from the age class 6 – 9 years (Figure 4). Also, the percentages 
of Miniature Schnauzers with serum triglyceride concentrations above the reference 
range appeared to increase with age (Figure 5). Only 15.4% of dogs < 1 year of age 
and 15.7% of dogs 1 to 3 years of age had serum triglyceride concentrations above the 
reference range, whereas 43.5% of dogs 6 to 9 years of age and 76.7% of dogs > 9 
years of age did. In addition, there appeared to be an association between the degree 
of hypertriglyceridemia and age. Only 3.9% and 3.8% of dogs 1 to 3 and 3 to 6 years 
of age, respectively, had serum triglyceride concentrations > 400 mg/dL, whereas 
17.4% of dogs 6 to 9 years of age and 46.7% of dogs > 9 years of age did (Figure 6). 
Also, 18 of 22 (81.8%) Miniature Schnauzers with moderate to severe 
hypertriglyceridemia were ≥ 6 years of age, and 14 (63.6%) were ≥ 9 years of age. 
There was a significant positive correlation between serum triglyceride concentration 
and age in Miniature Schnauzers (p<0.0001, Spearman r =0.47). The Kruskal-Wallis 
test did not identify significant differences of median serum triglyceride 
concentrations among the age classes in the control group (p=0.2235). There was no 
significant correlation between serum triglyceride concentration and age in the control 
dogs (p=0.6697; Spearman r= -0.077). 
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Figure 4. Serum triglyceride concentrations in different age groups in Miniature 
Schnauzers. 
Boxplots of serum triglyceride concentrations (mg/dL) for different age groups in 
Miniature Schnauzers. The line in the rectangle corresponds to the median, the upper 
and lower limits of the rectangle correspond to the 25
th
 and 75
th
 percentile, 
respectively, and the whiskers correspond to the lowest and highest values. The p-
values show the significance of the differences in serum triglyceride concentrations 
among age groups (Note: the Y-axis is split). 
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Figure 5. Percentages of healthy Miniature Schnauzers with 
hypertriglyceridemia in different age groups. 
Percentages of healthy Miniature Schnauzers with hypertriglyceridemia (serum 
triglyceride concentrations > 108 mg/dL) in different age groups. 
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Figure 6. Percentages of healthy Miniature Schnauzers with moderate to severe 
hypertriglyceridemia in different age groups. 
Percentages of Miniature Schnauzers with moderate to severe hypertriglyceridemia 
(triglycerides > 400 mg/dL) in different age groups. 
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There was no difference in proportions of Miniature Schnauzers with serum 
triglyceride concentrations above the upper limit of the reference range (p = 0.48) or 
in median serum triglyceride concentrations (p = 0.46) between male and female 
Miniature Schnauzers. There were significant differences in the proportions of 
Miniature Schnauzers with serum triglyceride concentrations above the upper limit of 
the reference range between spayed and intact females (p<0.0001) and between 
castrated and intact males (p = 0.0166). However, there were significant differences in 
median ages between these groups (spayed and intact females: p<0.0001; castrated 
and intact males: p = 0.0248), with neutered animals being older than the intact ones. 
1.6.    Discussion 
Based on the results of the present study, it can be concluded that 
hypertriglyceridemia is a common finding in healthy Miniature Schnauzers in the 
United States, because about one-third of the enrolled Miniature Schnauzers had 
serum triglyceride concentrations above the upper limit of the reference range. Also, 
11.5% of the Miniature Schnauzers in this study had moderate to severe 
hypertriglyceridemia which, based on some authors, is more likely to be associated 
with complications such as pancreatitis or seizures.
12
 Hypertriglyceridemia does not 
appear to be a common finding in healthy dogs of other breeds. In addition, healthy 
control dogs had only mild increases in serum triglyceride concentrations if they had a 
serum triglyceride concentration above the upper limit of the reference range. 
 
Miniature Schnauzers enrolled in this study came from many different locations 
within the United States, thus minimizing the possibility of selection of populations 
that were more inbred than the general Miniature Schnauzer population. Thus, 
findings of this study are believed to reflect the general population of Miniature 
Schnauzers in the United States. 
 
Although the possibility that hypertriglyceridemia in some of the Miniature 
Schnauzers in the present study might have been the result of secondary causes (e.g., 
hyperadrenocorticism) cannot be excluded, we feel that this explanation is unlikely 
because all dogs were free of clinical signs for at least 3 months before blood 
collection, had no known chronic diseases, and were not receiving any medications 
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that are known to or suspected to affect serum triglyceride concentrations. In addition, 
dogs of the control group, which were enrolled based on the same inclusion criteria, 
had a significantly lower prevalence of hypertriglyceridemia. 
 
Information regarding each dog’s current diet (as well as the length of time each dog 
had received that diet) was available for the majority of the dogs in this study. 
However, many dogs were on home made or multiple diets, and it was not possible to 
determine the lipid content of these diets. It is possible that some Miniature 
Schnauzers with normal serum triglyceride concentrations were on low fat diets, and 
that the true percentage of Miniature Schnauzers with hypertriglyceridemia is even 
higher than reported here. Information regarding the body condition score of each dog 
would have been interesting because obesity might affect serum triglyceride 
concentrations,
7
 but this information was not available in the present study. 
 
Most of the affected Miniature Schnauzers had mildly increased serum triglyceride 
concentrations, but a considerable percentage (11.5%) had moderate to severely 
increased serum triglyceride concentrations. As mentioned earlier, dogs with severe 
hypertriglyceridemia might be at increased risk for the development of 
pancreatitis,
2,11,17
 seizures,
11,18
 or both, although the relationship between these 
disorders has not been proven. In addition, because hypertriglyceridemia is a common 
feature of other (mostly endocrine) diseases, the findings of this study are important to 
veterinarians who may be evaluating hypertriglyceridemia in Miniature Schnauzers. A 
large proportion of healthy Miniature Schnauzers have mild, moderate, or even severe 
increases in serum triglyceride concentrations, and further investigation of 
hypertriglyceridemia (e.g., ACTH stimulation test, low dose dexamethasone 
suppression test, determination of serum thyroid hormone concentration) may not be 
indicated in the absence of compatible clinical and clinicopathological findings in 
Miniature Schnauzer dogs.  
 
There currently is no evidence to support the hypothesis that the source (rather than 
the severity) of hypertriglyceridemia can affect the risk for developing secondary 
disorders. It also should be noted that if the severity of hypertriglyceridemia correlates 
with the potential for developing complications secondary to hypertriglyceridemia, 
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Miniature Schnauzers that have idiopathic hypertriglyceridemia might be at even 
higher risk for developing complications of hypertriglyceridemia if they develop 
diseases that lead to secondary hypertriglyceridemia (e.g., diabetes mellitus) as this 
occurrence would potentially lead to additional increases in serum triglyceride 
concentrations.  
 
In Miniature Schnauzers, serum cholesterol concentrations above the upper limit of 
the reference range were noted only in association with moderate to severe 
hypertriglyceridemia and, in 1 dog, with mild hypertriglyceridemia. None of the 
Miniature Schnauzers with normal serum triglyceride concentrations had serum 
cholesterol concentrations above the upper limit of the reference range. Also, many 
Miniature Schnauzers with hypertriglyceridemia had normal serum cholesterol 
concentrations. These findings indicate that hypercholesterolemia is variably present 
in Miniature Schnauzers with hypertriglyceridemia. Hypercholesterolemia may be a 
secondary feature that accompanies moderate to severe hypertriglyceridemia in 
Miniature Schnauzers resulting from decreased clearance, increased production, or 
both, of chylomicrons and VLDL because these 2 molecules also contain small 
amounts of free and esterified cholesterol.
2
 
 
Both the percentages of Miniature Schnauzers with hypertriglyceridemia and the 
degree of hypertriglyceridemia increased with age. More than 75% of Miniature 
Schnauzers ≥ 9 years of age had increased serum triglyceride concentrations, and the 
vast majority (>80%) of Miniature Schnauzers with moderate to severe 
hypertriglyceridemia were 6 years or older. This observation suggests that later 
development of hypertriglyceridemia cannot be excluded in young Miniature 
Schnauzer dogs found to have normal serum triglyceride concentrations. A genetic 
marker may help identify affected dogs before development of hypertriglyceridemia. 
However, although not very common, some young dogs may present with 
hypertriglyceridemia. 
 
Due to the fact that only 1 serum sample was obtained from each dog in the present 
study, it was not possible to determine whether idiopathic hypertriglyceridemia is 
consistently present in affected Miniature Schnauzers. However, in the authors’ 
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experience and based on a few published cases,
13
 most affected Miniature Schnauzers 
remain hypertriglyceridemic throughout their lives unless low fat diets are fed 
consistently. In order to better understand the evolution of serum triglyceride 
concentrations in aging Miniature Schnauzers, further studies in selected groups of 
Miniature Schnauzers are required.  
 
The almost even distribution of hypertriglyceridemia between male and female 
Miniature Schnauzers in the present study suggests that idiopathic 
hypertriglyceridemia is not a sex-linked disorder. X-linked inheritance would lead to 
many more affected males than females, whereas Y-linked inheritance would produce 
only affected males. However, such is not the case for idiopathic hypertriglyceridemia 
in this study. Although significant differences in serum triglyceride concentrations 
were detected between neutered and intact animals, this finding seems to be the result 
of age differences between the 2 groups. 
 
In human medicine, hereditary causes of hypertriglyceridemia are well documented.
20
 
Familial hypertriglyceridemia (transmitted as an autosomal dominant disorder of 
unknown etiology), lipoprotein lipase deficiency (transmitted as an autosomal 
recessive disorder), and familial apolipoprotein C-II deficiency (transmitted as an 
autosomal recessive disorder) are disorders with a genetic basis that all lead to 
increases in serum triglyceride concentrations due to increased concentrations of 
VLDL, chylomicrons, or both.
20
 Hypertriglyceridemia in human beings often is 
asymptomatic but also has been associated with coronary heart disease, pancreatitis, 
non-alcoholic hepatic lipidosis, and metabolic syndrome.
20
  
 
The cause of idiopathic hypertriglyceridemia in Miniature Schnauzers has not yet 
been identified. Regardless of the mechanism, an underlying genetic defect is 
suspected.
11-13
 Because lipoprotein lipase is the major enzyme involved in triglyceride 
clearance, deficiency of this enzyme has been considered a possible cause of 
hypertriglyceridemia. Two studies that included both Miniature Schnauzers and dogs 
of other breeds with idiopathic hyperlipidemia found that lipoprotein lipase activity 
was significantly reduced in hyperlipidemic dogs compared to healthy controls.
c,d
 
However, a recent study in Miniature Schnauzers with hypertriglyceridemia and 
Publications 
 53 
pancreatitis failed to identify any mutations of the lipoprotein lipase gene, suggesting 
that inherited lipoprotein lipase dysfunction may not be the cause of 
hypertriglyceridemia in this breed.
e
 Further studies are warranted in order to identify 
the genetic basis of idiopathic hypertriglyceridemia in Miniature Schnauzers. 
 
In conclusion, results of the present study suggest that idiopathic hypertriglyceridemia 
is a common finding in healthy Miniature Schnauzers in the United States. There is no 
difference between male and female Miniature Schnauzers with regard to the 
prevalence of hypertriglyceridemia. Both the prevalence and severity of 
hypertriglyceridemia in Miniature Schnauzers increase with age. Due to the high 
prevalence of this disorder in Miniature Schnauzers, extensive diagnostic work-up in 
order to identify the cause of hypertriglyceridemia probably is not necessary in 
otherwise healthy Miniature Schnauzer dogs. However, on the basis of the results of 
the present study, all Miniature Schnauzers in the United States should potentially be 
evaluated for hypertriglyceridemia while they are healthy, because this information 
may be useful for the avoidance of misinterpretation of increased serum triglyceride 
concentrations when the dogs are presented sick. In addition, by knowing the serum 
triglyceride status of the dog, veterinarians might consider offering low fat diets to 
affected dogs in order to avoid possible complications of hypertriglyceridemia. Due to 
the fact that hypercholesterolemia was found only in association with 
hypertriglyceridemia, the presence of hypercholesterolemia alone in Miniature 
Schnauzers might require additional diagnostic investigation. Genetic studies are 
warranted in order to obtain further information about the genetic basis of this 
disorder. In addition, the association between hypertriglyceridemia and diseases such 
as pancreatitis and seizures remains to be determined. 
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1.7.    Footnotes
 
a
Roche/Hitachi MODULAR ANALYTICS D 2400 module, Roche Diagnostics, 
Indianapolis, IN 
b
Prism4, GraphPad, San Diego, CA
 
c
Schenck PA. Lipoprotein lipase and hepatic lipase activity in dogs with primary 
hyperlipoproteinemia. J Vet Int Med 2002, 17:386 (abstract) 
d
Jaeger JQ, Jonson S, Hinchcliff KW, Sherding R, Jensen W, Brunzell J, Murdock S. 
Characterization of biochemical abnormalities in idiopathic hyperlipidemia of 
Miniature Schnauzer dogs. J Vet Int Med 2003, 16:394 (abstract) 
e
Schickel R. Identification of the nucleotide sequence of the lipoprotein lipase gene as 
well as its role in the developmet of hyperlipidemia and pancreatitis in the Miniature 
Schnauzer. 2005. Ludwig-Maximilians University (Dr.med.vet. thesis) 
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2.1.    Abstract 
Objective—To determine whether hypertriglyceridemia in healthy Miniature 
Schnauzers was associated with high serum liver enzyme activities. 
Design—Cross-sectional study. 
Animals—65 Miniature Schnauzers with normal serum triglyceride concentrations 
(group 1), 20 Miniature Schnauzers with slightly high serum triglyceride 
concentrations (group 2), and 20 Miniature Schnauzers with moderately to severely 
high serum triglyceride concentrations (group 3).  
Procedures—Questionnaires regarding each dog’s medical history were completed, 
and serum alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and γ-glutamyltransferase (GGT) activities were measured. 
Results—Median serum ALP activity was significantly higher in group 3 than in 
group 1 or 2 dogs, but was not significantly higher in group 2 than in group 1 dogs. 
Median serum ALT activity was significantly higher in group 3 than in group 1 dogs, 
but was not significantly different between any of the other groups. Compared with 
group 1 dogs, group 2 and 3 dogs were significantly more likely to have high serum 
ALP activity (odds ratio, 26.2 and 192.6, respectively). Group 3 dogs also were 
significantly more likely to have high serum ALT activity (odds ratio, 8.0), serum 
AST activity (odds ratio, 3.7), and serum GGT activity (odds ratio, 11.3), compared 
with group 1 dogs. Group 3 dogs were significantly more likely (odds ratio, 31.0) to 
have ≥ 2 high serum liver enzyme activities than were group 1 dogs.  
Conclusions and Clinical Relevance—Results suggested that moderate to severe 
hypertriglyceridemia was associated with high serum liver enzyme activities in 
Miniature Schnauzers. 
2.2.    Abbreviations 
VLDL  Very low density lipoproteins 
NAFLD Nonalcoholic fatty liver disease 
ALP  Alkaline phosphatase 
ALT  Alanine aminotransferase 
AST  Aspartate aminotransferase 
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GGT  γ-Glutamyltransferase 
2.3.    Introduction  
Persistent hypertriglyceridemia is reportedly common in healthy Miniature 
Schnauzers in the United States,
1-4
 with hypertriglyceridemia identified in 63 of 192 
(32.8%) healthy Miniature Schnauzers in 1 study.
4
 Hypertriglyceridemia in Miniature 
Schnauzers is characterized by an abnormal accumulation of VLDL or a combination 
of VLDL and chylomicrons, with or without hypercholesterolemia.
2,3
 The cause of 
this condition remains unclear, but possible mechanisms include increased production 
or decreased clearance of VLDL and chylomicrons.
2
 Dogs with severe 
hypertriglyceridemia have been suspected to be at increased risk for development of 
pancreatitis
1,5-8
 and seizures,
1,9
 although a relationship between hypertriglyceridemia 
and these disorders has not been proven. 
 
In human beings, hypertriglyceridemia has been associated with development of fatty 
liver and a condition known as NAFLD.
10-14
 This condition is characterized by 
excessive lipid deposition in the hepatocytes with or without concurrent 
inflammation, fibrosis, and cirrhosis in the absence of alcohol abuse.
10
 The 
pathogenesis of fatty liver and NAFLD is not completely understood but is believed 
to involve several factors, including hypertriglyceridemia, that can potentially lead to 
substantial lipid deposition in hepatocytes.
10,11
 The prevalence of fatty liver in patients 
with hyperlipidemia, including both hypertriglyceridemia and hypercholesterolemia, 
has been reported to be about 50%.
12,14
 However, hypertriglyceridemia has been 
found to be a more useful predictor of fatty liver and, in 1 study,
12
 about 70% of 
patients with hypertriglyceridemia were found to have ultrasonographic evidence of 
fatty infiltration of the liver or NAFLD. Most human patients with NAFLD remain 
asymptomatic for long periods, and many of these patients have only abnormally high 
liver enzyme activities as the initial manifestation of NAFLD.
10-12
 Liver enzyme 
activities are usually only mildly high (ie, < 2 times the upper reference limit), with 
high values typically identified during routine screening.
10,11
 To the authors’ 
knowledge, studies investigating a possible association between hypertriglyceridemia, 
high serum liver enzyme activities, and liver disease in dogs have not been described.  
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Our hypothesis was that hypertriglyceridemia in overtly healthy Miniature Schnauzers 
might be associated with high serum liver enzyme activities. Thus, the purpose of the 
study reported here was to determine whether hypertriglyceridemia in healthy 
Miniature Schnauzers was associated with high serum liver enzyme activities. 
Specifically, we wanted to determine whether serum liver enzyme activities in 
Miniature Schnauzers with hypertriglyceridemia were significantly different from 
activities in Miniature Schnauzers with normal serum triglyceride concentrations. 
2.4.    Materials and Methods 
Serum samples from 105 healthy Miniature Schnauzers were used in the study. All 
samples had been collected as part of a separate study
4
 of healthy Miniature 
Schnauzers from various parts of the United States. Breeders and owners who had 
agreed to participate in the previous study were sent a package containing an ice pack 
and materials necessary for blood collection and were asked to schedule an 
appointment with their veterinarian for blood collection. Veterinarians were instructed 
to collect 5 to 10 mL of blood and to submit serum samples on ice to the 
Gastrointestinal Laboratory at Texas A&M University by overnight courier. Breeders 
and owners were instructed not to feed their dogs for at least 12 hours before blood 
samples were collected. In addition, they were asked to complete a questionnaire for 
each dog that requested information regarding date of birth, sex, neuter status, body 
weight, current diet, current medications, and current and past health status of the dog. 
Finally, all breeders and owners were requested to sign and return an informed 
consent form.  
 
On receipt, serum samples were immediately divided into aliquots and stored at -80
o
C 
until analyzed. Serum triglyceride concentration was measured with an enzymatic 
assay,
4,a
 and serum ALT, AST, ALP, and GGT activities were measured by means of 
spectrophotometric methods with automated equipment.
b
 Questionnaires were 
reviewed, and dogs were included in the study only if they had not had any clinical 
signs of disease for at least 3 months prior to blood collection, did not have any 
history of chronic diseases that might affect lipid metabolism (eg, endocrine 
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disorders), did not have any history of liver disease, and were not currently receiving 
any medications that may affect lipid metabolism or liver enzyme activities. 
 
For purposes of the present study, Miniature Schnauzers were divided into 3 groups 
on the basis of serum triglyceride concentration. Group 1 consisted of 65 Miniature 
Schnauzers in which serum triglyceride concentration was within reference limits (26 
to 108 mg/dL), group 2 consisted of 20 Miniature Schnauzers in which serum 
triglyceride concentration was slightly high (109 to 400 mg/dL), and group 3 
consisted of 20 Miniature Schnauzers in which serum triglyceride concentration was 
moderately to severely high (> 400 mg/dL). Because liver enzyme activities might 
increase with age, a subgroup of group 1 (group 1B) was created that consisted of 26 
dogs that were ≥ 5 years old so that median age of group 1B dogs was similar to 
median age for group 3 dogs.  
 
Of the 65 dogs in group 1, 43 were female (16 spayed), and 21 were male (8 
castrated); sex of 1 dog was not reported. Twelve group 2 dogs were female (7 
spayed), and 8 were male (5 castrated), and 13 group 3 dogs were female (12 spayed), 
and 7 were male (5 castrated). Sixteen of the group 1B dogs were female (8 spayed), 
and 10 were male (4 castrated). 
 
Because lipemia reportedly can interfere with certain serologic assays, resulting in 
falsely high or low results, 8 lipemic samples from group 3 dogs were tested for 
serum triglyceride concentrations and liver enzyme activities before and after 
centrifugation at 20,000 × g for 15 minutes. 
 
Statistical analysis—Data were tested for normal distribution by use of the 
Kolmogorov-Smirnov test. Because data were not normally distributed, the Kruskal-
Wallis test followed by the Dunn multiple comparison procedure was used to compare 
median age and median serum ALP, ALT, AST, and GGT activities among groups. 
Proportions of dogs in each group with serum ALP, ALT, AST, or GGT activities 
greater than the upper reference limit were compared among groups by use of the 
Fisher’s exact test. Similarly, the Fisher’s exact test was used to compare proportions 
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of dogs with ≥ 2 serum liver enzyme activities greater than the upper reference limit 
among groups. Odds ratios and their 95% confidence intervals (CI) were calculated 
for proportions of dogs with serum liver enzyme activities greater than the upper 
reference limit. To determine whether a systematic change in serum liver enzyme 
activities occurred with increasing serum triglyceride concentrations, data were 
analyzed for correlations between serum activity of each enzyme and serum 
triglyceride concentrations by means of the Spearman correlation. Finally, paired t 
tests were used to analyze serum liver enzyme activities obtained for the 8 lipemic 
samples before and after centrifugation. All statistical analyses were performed with 
standard statistical software.
c
 Values of P < 0.05 were considered significant. 
2.5.    Results 
For the 8 lipemic samples, no significant differences were found between mean ALP 
(P = 0.444), ALT (P = 0.882), AST (P = 0.101), and GGT (P = 0.509) activities 
obtained before and after centrifugation.  
 
Median serum triglyceride concentration was 60 mg/dL (range, 24 to 105 mg/dL) for 
dogs in group 1, 247 mg/dL (range, 113 to 380 mg/dL) for dogs in group 2, 690 
mg/dL (range, 423 to 3,125 mg/dL) for dogs in group 3, and 72 mg/dL (range, 30 to 
100 mg/dL) for dogs in group 1B. Median age was 51 months (range, 7 to 151 
months) for dogs in group 1, 70 months (range, 8 to 151 months) for dogs in group 2, 
112 months (range, 18 to 161 months) for dogs in group 3, and 88 months (range, 61 
to 151 months) for dogs in group 1B. There was no significant difference in median 
age between groups 1 and 2, but there was a significant (P < 0.001) difference in 
median age between groups 1 and 3. Median age for group 1B was not significantly 
(P = 0.071) different from median age for group 3. 
 
Median serum ALP activity was significantly higher in group 3 dogs (202.5 U/L) than 
in group 1 dogs (27 U/L; P < 0.001), group 1B dogs (36 U/L; P < 0.001), or group 2 
dogs (33 U/L; P < 0.05), but was not significantly higher in group 2 dogs than in 
group 1 dogs (Figure 1). Median serum ALT activity was significantly higher in 
group 3 dogs (70.5 U/L) than in group 1 dogs (43 U/L; P < 0.01), but was not 
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significantly different between any of the other groups (Figure 2). No significant 
differences were found in median serum AST and GGT activities between any of the 
groups. 
Publications 
 64 
Group 1 Group 2 Group 3 Group 1B 
0
200
400
600
800
1000
1500
2000
p<0.001p<0.001
p<0.05
A
L
P
 (
U
/L
)
 
 
Figure 1—Serum ALP activities in healthy Miniature Schnauzers. 
Scatterplots of serum ALP activities in 65 healthy Miniature Schnauzers with normal 
serum triglyceride concentrations (group 1), 20 healthy Miniature Schnauzers with 
slightly high serum triglyceride concentrations (group 2), and 20 healthy Miniature 
Schnauzers with moderately to severely high serum triglyceride concentrations (group 
3). Values for a subset of group 1 dogs ≥ 5 years old (group 1B) are also shown. For 
each group, the solid horizontal line represents the median; the horizontal dashed line 
represents the upper reference limit (122 U/L). 
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Figure 2— Serum ALT activities in healthy Miniature Schnauzers. 
Scatterplots of serum ALT activities in healthy Miniature Schnauzers. See Figure 1 
for key. 
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Proportions of dogs with serum liver enzyme activities greater than the upper 
reference limit were substantially higher for group 3 than for group 1 (Table 1). 
Compared with group 1 dogs, group 2 and group 3 dogs were significantly more 
likely to have high serum ALP activity (ie, serum ALP activity greater than the upper 
reference limit; odds ratio, 26.2 and 192.6, respectively; Table 2). Group 3 dogs also 
were significantly more likely to have high serum ALT activity (odds ratio, 8.0), 
serum AST activity (odds ratio, 3.7), and serum GGT activity (odds ratio, 11.3), 
compared with group 1 dogs. Group 3 dogs were significantly more likely (odds ratio, 
31.0) to have ≥ 2 high serum liver enzyme activities than were group 1 dogs. 
Compared with group 1B dogs, dogs in group 3 were significantly more likely to have 
high serum ALP activity (odds ratio, 77.9), serum ALT activity (odds ratio, 6.3), and 
serum AST activity (odds ratio, 5.1) and to have ≥ 2 high serum liver enzyme 
activities (odds ratio, 37.5). 
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Table 1—Proportions of healthy Miniature Schnauzers with and without 
hypertriglyceridemia that had high serum liver enzyme activities. 
 
 Group ALP ALT AST GGT ≥ 2 high enzyme activities 
1 (n = 65) 0 (0) 6 (9) 10 (15) 1 (2) 3 (5) 
1B (n = 26) 0 (0) 3 (12) 3 (12) 1 (4) 1 (4) 
2 (n = 20) 3 (15) 3 (15) 2 (10) 1 (5) 3 (15) 
3 (n = 20) 12 (60) 9 (45) 8 (40) 3 (15) 12 (60) 
 
Data are given as number (%) of dogs with high activities (ie, activities greater than 
the upper reference limit) and represent values for 65 healthy Miniature Schnauzers 
with normal serum triglyceride concentrations (group 1), 20 healthy Miniature 
Schnauzers with slightly high serum triglyceride concentrations (group 2), 20 healthy 
Miniature Schnauzers with moderately to severely high serum triglyceride 
concentrations (group 3), and a subset of group 1 dogs that were ≥ 5 years old (group 
1B).
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Table 2—Likelihood of high serum liver enzyme activities in healthy Miniature Schnauzers with and without hypertriglyceridemia. 
 
 Group 2 vs group 1 Group 3 vs group 1 Group 3 vs group 1B 
Variable OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value 
ALP 26.2 (1.3–531.8) 0.012 192.6 (10.4–3,559) < 0.001 77.9 (4.2–1,461) < 0.001 
ALT 1.7 (0.4–7.7) 0.434 8.0 (2.4–27.2) < 0.001 6.3 (1.4–27.9) 0.017 
AST 0.6 (0.12–3.1) 0.723 3.7 (1.2–11.2) 0.028 5.1 (1.1–22.9) 0.038 
GGT 3.4 (0.2–56.5) 0.417 11.3 (1.1–115.6) 0.039 4.4 (0.4–46.1) 0.303 
≥ 2 high enzyme activities 3.6 (0.7–19.7) 0.139 31 (17.2–134) < 0.001 37.5 (14.2–335.2) < 0.001 
 
See Table 1 for group designations. 
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There was a significant positive correlation between serum ALP activity and serum 
triglyceride concentration (r = 0.53; P < 0.001) and between serum ALT activity and 
serum triglyceride concentration (r = 0.29; P = 0.003). In contrast, serum AST (r = 
0.17; P = 0.236) and GGT activities (r = –0.17; P = 0.085) were not significantly 
correlated with serum triglyceride concentration. 
2.6.    Discussion 
Results of the present study indicated that moderate to severe hypertriglyceridemia 
(ie, serum triglyceride concentration > 400 mg/dL) was associated with high serum 
liver enzyme activities in Miniature Schnauzers. Although significant associations 
between moderate to severe hypertriglyceridemia and high serum liver enzyme 
activities were found for all enzymes studied, the most profound association involved 
serum ALP activity, in that Miniature Schnauzers with moderate to severe 
hypertriglyceridemia were 192.6 times more likely to have a high serum ALP activity 
than Miniature Schnauzers with normal serum triglyceride concentration. In addition, 
Miniature Schnauzers with moderate to severe hypertriglyceridemia were 31 times as 
likely to have ≥ 2 high serum enzyme activities as were Miniature Schnauzers with 
normal serum triglyceride concentration. 
 
There was a significant difference in median ages of dogs in groups 1 and 3 in the 
present study. Because liver enzyme activities might increase with age as a result of 
benign conditions of the liver that tend to occur in older animals (eg, nodular 
hyperplasia),
15
 this difference in age between groups could potentially have biased our 
results. However, when only those dogs in group 1 that were ≥ 5 years old (ie, group 
1B dogs) were compared with group 3 dogs, similar associations between moderate to 
severe hypertriglyceridemia and serum liver enzyme activities were still found.  
 
The etiology of high serum liver enzyme activities in Miniature Schnauzers with 
hypertriglyceridemia was not determined in the present study. In human beings, 
hypertriglyceridemia has been associated with fatty infiltration of the liver and 
asymptomatic increases in serum liver enzyme activities.
10,12,16
 In these patients, 
increases in serum liver enzyme activities are usually mild and involve various 
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combinations of increases in ALT, AST, ALP, and GGT activity.
10,12
 Although high 
serum ALT activities seem to be more commonly reported in human patients with 
fatty liver or NAFLD, high serum ALP activity is also very common, and a recent 
study
17
 in humans showed that a subset of patients with histopathologically confirmed 
NAFLD, regardless of etiology, have only high serum ALP activity. It is not known 
whether high serum liver enzyme activities in Miniature Schnauzers in the present 
study with hypertriglyceridemia were associated with fatty infiltration of the liver, but 
this is quite likely. The fact that serum ALP activity, and not serum ALT activity, had 
the strongest association with hypertriglyceridemia in the present study may suggest 
that the underlying liver condition in Miniature Schnauzers with hypertriglyceridemia 
differs from NAFLD in humans.  
 
Alkaline phosphatase is a membrane-bound enzyme, and its activity increases in 
serum as a result of increased enzyme production stimulated by impaired bile flow or 
various drugs.
18
 Fatty infiltration of the liver can potentially lead to cholestasis and 
increases in serum ALP and, to a lesser degree, GGT activities.
18
 In contrast, ALT and 
AST are cytosolic enzymes that leak from hepatocytes following injury and altered 
permeability of the hepatocellular membrane.
18
 Hepatocellular injury following fatty 
infiltration and inflammation of the liver might explain increases of these enzyme 
activities in Miniature Schnauzers with hypertriglyceridemia. 
 
The pathogenesis of fatty liver and NAFLD in hypertriglyceridemic human patients 
remains uncertain.
10
 However, insulin resistance and hyperinsulinemia are believed to 
play a key role in the pathogenesis of NAFLD,
10
 and it has been reported that in 
humans, hypertriglyceridemia is associated with insulin resistance and 
hyperinsulinemia.
19
 In dogs, any association between hypertriglyceridemia and 
resistance to insulin remains to be determined. 
 
Anecdotal observations suggest that 2 conditions of the liver might be associated with 
hypertriglyceridemia in Miniature Schnauzers: vacuolar hepatopathy and gallbladder 
mucocele.
20,21
 The first shares some common characteristics with NAFLD, such as the 
fact that both can be subclinical for long periods and that histologically they are 
characterized by vacuole formation within hepatocytes.
11,21,22
 Gallbladder mucocele 
has been commonly reported in dog breeds that are predisposed to idiopathic 
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hyperlipidemia, such as Miniature Schnauzers and Shetland Sheepdogs, and has also 
been described in humans with hypelipidemia.
23-25
 However, a clear association 
between the presence of hyperlipidemia and gallbladder mucocele formation has not 
been identified in dogs. In a recent study,
24
 an association between gallbladder 
mucocele formation and dyslipidemias (hypertriglyceridemia and 
hypercholesterolemia) in Shetland Sheepdogs was described. In that study,
24
 many of 
the dogs with gallbladder mucocele were found to have no clinical signs or 
biochemical abnormalities, except for high serum ALP activity in some cases. 
Whether this could explain the high serum liver enzyme activities in Miniature 
Schnauzers with hypertriglyceridemia remains to be determined. Further studies 
involving histologic and ultrasonographic examination of the liver are underway in an 
attempt to identify concurrent liver diseases in Miniature Schnauzers with 
hypertriglyceridemia. 
 
The possibility that high serum liver enzyme activities, especially high ALP and AST 
activities, in dogs with hypertriglyceridemia in the present study were a result of 
extrahepatic diseases (eg, hyperadrenocorticism) cannot be excluded, because 
diagnostic tests to exclude other diseases were not performed. However, this 
possibility seems unlikely, in that all dogs were free from clinical signs for at least 3 
months prior to blood collection and did not have any history of chronic diseases that 
might affect serum liver enzyme activities. In addition, serum activity of ALT, which 
is considered specific to the liver, was high in many of the dogs with 
hypertriglyceridemia, which would suggest that these dogs had a primary hepatic 
process. It is of interest that when serum cholesterol concentrations, which have been 
reported to be high in 90% of all dogs with hyperadrenocorticism,
26
 were measured in 
the 40 Miniature Schnauzers in the present study with hypertriglyceridemia, only 9 
(23%) were found to have high serum cholesterol concentrations.
4
 Thus, it seems 
unlikely that underlying hyperadrenocorticism played a role in the high serum ALP 
activities among Miniature Schnauzers with hypertriglyceridemia in the present study. 
In addition, dogs were not receiving any medications known to affect serum liver 
enzyme activities.  
 
Similarly, although there have been concerns that lipemia may have affected serum 
liver enzyme values, the fact that we found no significant differences in mean ALP, 
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ALT, AST, or GGT activities before and after centrifugation for 8 samples with 
lipemia suggested that lipemia did not substantially interfere with assays used to 
measure serum liver enzyme activities in the present study. 
 
It is not known how long hypertriglyceridemia must be present before serum liver 
enzyme activities will start to increase. Also, it is unknown whether increases in 
serum liver enzyme activities are persistent or whether correction of 
hypertriglyceridemia in Miniature Schnauzers would lead to normalization of serum 
liver enzyme activities. Clinicians should be aware of the potential that 
hypertriglyceridemia in Miniature Schnauzers, especially when serum triglyceride 
concentrations are > 400 mg/dL, can be associated with high serum liver enzyme 
activities. Whether these patients require additional diagnostic testing to identify liver 
disorders remains to be determined. In human beings, isolated increases in ALT 
activity are generally considered to be benign, but have also been associated with 
cirrhosis in 10% to 17% of cases and have been identified in an even higher 
proportion of patients with clinically important fibrosis.
16
 Anecdotal observations 
suggest that some Miniature Schnauzers with hypertriglyceridemia might develop 
hepatic insufficiency secondary to severe vacuolar hepatopathy.
21
 Also, gallbladder 
mucoceles, which might be associated with hypertriglyceridemia, can often lead to 
death or euthanasia.
24
 Given the fact that most dogs in the present study had activities 
for > 1 liver enzyme that would be considered clinically important (ie, > 2 times the 
upper reference limit), additional diagnostic testing would seem appropriate.. 
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2.7.    Footnotes
 
a. Roche/Hitachi Modular Analytics D2400 module, Roche Diagnostics, 
Indianapolis, Ind. 
b. Roche/Hitachi Modular Analytics P800 module, Roche Diagnostics, 
Indianapolis, Ind.  
c. Prism5, GraphPad, San Diego, Calif.
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IV    Discussion 
Idiopathic hypertriglyceridemia is considered to be a relatively common disorder in 
Miniature Schnauzers in the United States (ROGERS et al., 1975a; FORD, 1993; 
WHITNEY et al., 1993; FORD, 1996). However, the true prevalence of this disorder 
in Miniature Schnauzers remains unknown, because the studies that have been 
conducted so far are limited to small case series (WHITNEY et al., 1993). In addition, 
studies investigating the clinical implications of idiopathic hypertriglyceridemia in 
large populations of Miniature Schnauzers, as well as the effect of age, sex, and 
reproductive status, on serum triglyceride concentrations are lacking.  
 
In the first part of the present study, determination of the prevalence of 
hypertriglyceridemia in a relatively large population of healthy Miniature Schnauzers, 
as well as further characterization of this condition, was attempted. Based on the 
results of this part of the study, it can be concluded that hypertriglyceridemia is 
common in healthy Miniature Schnauzers in the United States. Overall, about one-
third of the enrolled Miniature Schnauzers had serum triglyceride concentrations 
above the upper limit of the reference range. However, the percentage of Miniature 
Schnauzers with hypertriglyceridemia was much greater in older dogs, with 75% of 
Miniature Schnauzers ≥ 9 years old being affected.  
 
Miniature Schnauzers enrolled in this study came from many different locations 
within the United States, thus minimizing the possibility of selection of populations 
that were more inbred than the general Miniature Schnauzer population. Thus, 
findings of this study are believed to reflect the general population of Miniature 
Schnauzers in the United States. 
 
Most of the affected Miniature Schnauzers had mildly increased serum triglyceride 
concentrations, but a considerable percentage (11.5%) had moderately to severely 
increased serum triglyceride concentrations. As mentioned earlier, dogs with severe 
hypertriglyceridemia might be at an increased risk for the development of 
complications such as pancreatitis and/or seizures (BODKIN, 1992; BAUER, 1995; 
FORD, 1996; BAUER, 2004; WILLIAMS & STEINER, 2005). In addition, because 
hypertriglyceridemia is a common feature of other (mostly endocrine) diseases, the 
Discussion 
 78 
findings of this study are important for veterinarians who may be evaluating 
Miniature Schnauzers with hyperlipidemia. A large proportion of healthy Miniature 
Schnauzers in the United States are expected to have mild, moderate, or even severe 
increases in serum triglyceride concentrations, and further investigation of the 
etiology of hypertriglyceridemia in Miniature Schnauzers may not be indicated in the 
absence of clinical or clinicopathological findings. 
 
The development of diseases that cause secondary hypertriglyceridemia (e.g., diabetes 
mellitus) in Miniature Schnauzers that also have primary hypertriglyceridemia, would 
be expected to potentially lead to additional increases in serum triglyceride 
concentrations. This means that, if the severity of hypertriglyceridemia correlates with 
the potential for developing complications secondary to hypertriglyceridemia, 
Miniature Schnauzers with both primary and secondary hypertriglyceridemia might 
be at higher risk for developing complications. 
 
In the Miniature Schnauzers enrolled in the present study, serum 
hypercholesterolemia was noted almost exclusively in association with moderate to 
severe hypertriglyceridemia. None of the Miniature Schnauzers with normal serum 
triglyceride concentrations had hypercholesterolemia. Also, many Miniature 
Schnauzers with hypertriglyceridemia had normal serum cholesterol concentrations. 
These findings indicate that hypercholesterolemia is variably present in Miniature 
Schnauzers with hypertriglyceridemia. Hypercholesterolemia may be a secondary 
feature that accompanies moderate to severe hypertriglyceridemia in Miniature 
Schnauzers, resulting from decreased clearance, increased production, or both, of 
chylomicrons and VLDL, as these 2 lipoprotein molecules also contain small amounts 
of free and esterified cholesterol (RIFAI et al, 1999). 
 
Both the percentages of Miniature Schnauzers with hypertriglyceridemia and the 
degree of hypertriglyceridemia increased with age. More than 75% of Miniature 
Schnauzers ≥ 9 years of age in this study had increased serum triglyceride 
concentrations, and the vast majority (>80%) of Miniature Schnauzers with moderate 
to severe hypertriglyceridemia were 6 years or older. This observation suggests that 
later development of hypertriglyceridemia cannot be excluded in young Miniature 
Schnauzer dogs found to have normal serum triglyceride concentrations. A genetic 
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marker may help identify affected dogs before the development of 
hypertriglyceridemia. However, some young Miniature Schnauzers may present with 
hypertriglyceridemia. 
 
In human beings, the presence of hypertriglyceridemia has been associated with the 
development of fatty liver, increased serum liver enzyme activities, and a condition 
known as nonalcoholic fatty liver disease (NAFLD) (ASSY et al., 2000; ANGULO, 
2002; DE BRUIN et al., 2004; BROUWERS et al., 2007). Studies investigating a 
possible association between hypertriglyceridemia, increased serum liver enzyme 
activities, and liver disease have not been described in dogs. Thus, the aim of the 
second part of the study presented here was to investigate serum liver enzyme 
activities in Miniature Schnauzers with hypertriglyceridemia and to compare them 
with those of Miniature Schnauzers with normal serum triglyceride concentrations. 
 
Results of this second part of the study showed that moderate to severe 
hypertriglyceridemia (>400 mg/dL) was significantly associated with increased serum 
liver enzyme activities in Miniature Schnauzers. Although significant associations 
between moderate to severe hypertriglyceridemia and high serum liver enzyme 
activities were found for all enzymes tested, the most profound associations involved 
serum ALP activity (Miniature Schnauzers with moderate to severe 
hypertriglyceridemia were 192.6 times more likely to have an increased serum ALP 
activity). In addition, there was a strong association between hypertriglyceridemia and 
concurrent elevation of two or more serum liver enzyme activities (Miniature 
Schnauzers with moderate to severe hypertriglyceridemia were 31 times more likely 
to have elevations of two or more serum liver enzyme activities).  
 
The etiology of elevated serum liver enzyme activities in hypertriglyceridemic 
Miniature Schnauzers cannot be determined based on the results of the present study. 
In human beings, hypertriglyceridemia has been associated with fatty infiltration of 
the liver leading to asymptomatic increases in serum liver enzyme activities (ASSY et 
al., 2000; ANGULO, 2002; CLARK et al., 2003; KICHIAN et al., 2003; DE BRUIN 
et al., 2004; IOANNOU et al., 2006; PANTSARI & HARRISON, 2006; 
BROUWERS et al., 2007). In these cases, increases in serum liver enzyme activities 
are usually mild and involve different combinations of increases in ALT, AST, ALP, 
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and GGT (CLARK et al., 2003; IOANNOU et al., 2006; PANTSARI & HARRISON, 
2006). Although increases in serum ALT activity are more commonly reported in 
human patients with fatty liver or NAFLD, increases in ALP activity are also very 
common, and a recent study in humans showed that a subset of patients with 
histopathologically confirmed NAFLD present with isolated elevated serum ALP 
activities (CLARK et al., 2003). It is not known whether the increased serum liver 
enzyme activities identified in hypertriglyceridemic Miniature Schnauzers in the 
present study are associated with fatty infiltration of the liver, but this is quite likely. 
In the present study, high serum ALP, but not ALT (as is the case in humans) activity, 
showed the most common and strongest association with hypertriglyceridemia. This 
might indicate that the possible underlying hepatic change in hypertriglyceridemic 
Miniature Schnauzers differs from NAFLD in humans.  
 
ALP is a membrane-bound enzyme and its activity increases in serum as a result of 
increased enzyme synthesis stimulated by impaired bile flow and/or drug induction 
(CENTER, 1996a). Fatty infiltration of the liver can potentially lead to cholestasis and 
increases in serum ALP, and, to a lesser degree, GGT activities (CENTER, 1996a). In 
contrast, ALT and AST are cytosolic enzymes that leak from hepatocytes following 
injury and altered permeability of the hepatocellular membrane (CENTER, 1996a). 
Hepatocellular injury following fatty infiltration and inflammation of the liver might 
explain increases of these enzymes in hypertriglyceridemic Miniature Schnauzers. 
 
Anecdotal observations suggest that two conditions of the liver might be associated 
with hypertriglyceridemia in Miniature Schnauzers: vacuolar hepatopathy and 
gallbladder mucocele (CENTER, 1996b; SCHERK & CENTER, 2005). Vacuolar 
hepatopathy shares some common characteristics with some forms of NAFLD, such 
as the fact that both can be asymptomatic for long periods, and that 
histopathologically they are characterized by vacuole formation of hepatocytes 
(CENTER, 1996b; ANGULO, 2002; SCHERK & CENTER, 2005; HUBSCHER, 
2006). Gallbladder mucocele has been commonly reported in dog breeds that are 
predisposed to idiopathic hyperlipidemia (e.g., Miniature Schnauzers and Shetland 
Sheepdogs) and has also been described in humans with hyperlipidemia (BOLAND et 
al., 2002; AGUIRRE et al., 2007). A clear association between the presence of 
hyperlipidemia and a gallbladder mucocele formation has not been described in dogs. 
Discussion 
 81 
However, in a recent study, an association between gallbladder mucocele formation 
and dyslipidemias (i.e., hypertriglyceridemia and hypercholesterolemia) was 
described in Shetland Sheepdogs (AGUIRRE et al., 2007). In this study, many of the 
dogs with gallbladder mucocele were found to have no clinical signs or biochemical 
abnormalities, except for an increased serum ALP activity in some cases (AGUIRRE 
et al., 2007). Whether this is one or the only cause of high serum liver enzyme 
activities in Miniature Schnauzers with hypertriglyceridemia remains to be 
determined. Further studies involving histopathologic and ultrasonographic 
examination of the liver are underway in order to confirm and further characterize 
potential concurrent liver disease in Miniature Schnauzers with hypertriglyceridemia. 
 
It is unknown how long hypertriglyceridemia must be present in order to lead to 
increases in serum liver enzyme activities. Also, it is unknown whether increases of 
serum liver enzyme activities are persistent or whether correction of 
hypertriglyceridemia in Miniature Schnauzers would lead to normalization of serum 
liver enzyme activities. Clinicians should be aware of the potential that 
hypertriglyceridemia in Miniature Schnauzers (especially when serum triglyceride 
concentrations are above 400 mg/dL) can be associated with increased serum liver 
enzyme activities. Whether or not these patients require any additional diagnostic 
work-up towards the diagnosis of hepatic disorders is unknown. In human beings, 
isolated aminotransferase elevations are generally considered to be benign, but have 
also been associated with cirrhosis in 10-17% of the cases and, in an even higher 
proportion of patients, with significant fibrosis (CLARK et al., 2003; ADAMS et al., 
2005; EKSTEDT et al., 2006). Anecdotal observations suggest that some Miniature 
Schnauzers with hypertriglyceridemia might develop hepatic insufficiency due to 
severe vacuolar hepatopathy (CENTER, 1996b). Also, gallbladder mucoceles which 
might be associated with hypertriglyceridemia can often lead to death or euthanasia of 
the animal (AGUIRRE et al., 2007). Given the fact that in the present study most dogs 
had serum elevations of more than one liver enzyme activity that were considered 
significant (i.e., > 2 times the upper limit of the reference range), additional diagnostic 
work-up for patients with hyperlipidemia and increased serum hepatic enzyme 
activities would seem appropriate. Retesting serum liver enzyme activities could be an 
alternative approach. 
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Because idiopathic hypertriglyceridemia appears to be common in Miniature 
Schnauzers in the United States, and because Miniature Schnauzers with 
hypertriglyceridemia might be at increased risk for the development of secondary 
diseases (e.g., liver disease, pancreatitis, neurologic disease), determination of the 
etiology of hypertriglyceridemia is highly desirable in this breed as it could facilitate 
the prevention and management of this condition. In human beings, hereditary causes 
of hypertriglyceridemia are well documented (HEGELE, 2001; YUAN et al., 2007). 
Familial hypertriglyceridemia (transmitted as an autosomal dominant disorder of 
unknown etiology), lipoprotein lipase deficiency (transmitted as an autosomal 
recessive disorder), and familial apolipoprotein C-II deficiency (transmitted as an 
autosomal recessive disorder) are disorders with a genetic basis that all lead to 
increases in serum triglyceride concentrations due to increased concentrations of 
VLDL, chylomicrons, or both (HEGELE, 2001; YUAN et al., 2007). The cause of 
idiopathic hypertriglyceridemia in Miniature Schnauzers has not yet been identified, 
but an underlying genetic defect is suspected. A recent study in Miniature Schnauzers 
with hypertriglyceridemia and pancreatitis failed to identify any mutations of the 
lipoprotein lipase gene, suggesting that inherited lipoprotein lipase dysfunction is not 
the cause of hypertriglyceridemia in this breed (SCHICKEL, 2005a, SCHICKEL et al, 
2005b). In another recent study, the gene encoding the apolipoprotein C-II was 
sequenced in Miniature Schnauzers with idiopathic hypertriglyceridemia, Miniature 
Schnauzers with normal serum triglyceride concentrations, and dogs of other breeds 
(XENOULIS, 2008). However, no mutations that co-segregated with 
hypertriglyceridemia were identified (XENOULIS, 2008). Further studies are needed 
and are underway in order to determine the underlying genetic defect responsible for 
hypertriglyceridemia in Miniature Schnauzers.  
 
In conclusion, idiopathic hypertriglyceridemia is common in healthy Miniature 
Schnauzers in the United States. There is no difference between male and female 
Miniature Schnauzers with regards to the prevalence of hypertriglyceridemia. Both 
the prevalence and severity of hypertriglyceridemia increase with age in Miniature 
Schnauzers. Due to the high prevalence of idiopathic hypertriglyceridemia in 
Miniature Schnauzers, extensive diagnostic testing aiming in identifying the cause of 
hypertriglyceridemia may not be necessary in otherwise healthy Miniature 
Schnauzers. All Miniature Schnauzers in the United States should potentially be 
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evaluated for hypertriglyceridemia while they are healthy, because this information 
may be useful for avoidance of misinterpretation of increased serum triglyceride 
concentrations when the dogs become sick. In addition, veterinarians might consider 
offering low fat diets to hypertriglyceridemic dogs in order to avoid possible 
complications of hypertriglyceridemia. Due to the fact that hypercholesterolemia was 
found only in association with hypertriglyceridemia, the presence of 
hypercholesterolemia alone in Miniature Schnauzers might require additional 
diagnostic investigation. Clinicians should be aware of the potential that 
hypertriglyceridemia in Miniature Schnauzers, especially when serum triglyceride 
concentrations are > 400 mg/dL, can be associated with increased serum hepatic 
enzyme activities. Possible causes of increased serum liver enzyme activities in 
hypertriglyceridemic Miniature Schnauzers include fatty infiltration of the liver 
and/or gallbladder mucocele formation. Additional diagnostic work-up or retesting of 
serum liver enzyme activities should be recommended in hypertriglyceridemic 
Miniature Schnauzers with high serum liver enzyme activities. 
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V    Summary 
Idiopathic hypertriglyceridemia has been reported in Miniature Schnauzers. However, 
studies investigating the prevalence of this disorder in a large population of Miniature 
Schnauzers are lacking. 192 healthy Miniature Schnauzers and 38 healthy dogs of 
other breeds (control dogs) were enrolled in this study. Serum triglyceride and 
cholesterol concentrations were measured and statistically compared between the 
Miniature Schnauzers and the control group. Dogs were categorized based on their 
age, and median serum triglyceride concentrations were compared among different 
age groups. A total of 63 (32.8%) of the 192 Miniature Schnauzers had serum 
triglyceride concentrations above the upper limit of the reference range. In contrast, of 
the 38 control dogs, only 2 (5.3%) had serum triglyceride concentrations above the 
upper limit of the reference range. The median serum triglyceride concentration in 
Miniature Schnauzers was 73.5 mg/dL, which was significantly higher compared to 
that of the control group (median: 55 mg/dL; p=0.0005). Serum cholesterol 
concentration was above the upper limit of the reference range in 9 (9.0%) of 100 
Miniature Schnauzers and in 2 (5.3%) of the control dogs. Mean serum cholesterol 
concentrations were not significantly different between the 2 groups (p=0.1374). 
Median serum triglyceride concentrations in Miniature Schnauzers increased 
significantly with age (p<0.0001), and there was a significant positive correlation 
between serum triglyceride concentration and age (Spearman r=0.47; p<0.0001). 
There was no difference in serum triglyceride concentrations between male and 
female Miniature Schnauzers (p=0.48). Healthy Miniature Schnauzers had a high 
prevalence of hypertriglyceridemia compared to healthy dogs of other breeds. Both 
the prevalence and severity of hypertriglyceridemia increased with age. 
To determine whether hypertriglyceridemia in healthy Miniature Schnauzers was 
associated with increased serum liver enzyme activities, 65 Miniature Schnauzers 
with normal serum triglyceride concentrations (group 1), 20 Miniature Schnauzers 
with slightly increased serum triglyceride concentrations (group 2), and 20 Miniature 
Schnauzers with moderately to severely increased serum triglyceride concentrations 
(group 3) were evaluated. Questionnaires regarding each dog’s medical history were 
collected, and serum alkaline phosphatase (ALP), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and γ-glutamyltransferase (GGT) activities were 
Summary 
 85 
measured. Median serum ALP activity was significantly higher in group 3 than in 
group 1 or 2, but was not significantly higher in group 2 than in group 1. Median 
serum ALT activity was significantly higher in group 3 than in group 1, but was not 
significantly different between any of the other groups. Compared with group 1, 
group 2 and 3 were significantly more likely to have an increased serum ALP activity 
(odds ratio, 26.2 and 192.6, respectively). Group 3 was also significantly more likely 
to have an increased serum ALT activity (odds ratio, 8.0), serum AST activity (odds 
ratio, 3.7), or serum GGT activity (odds ratio, 11.3), than group 1. Group 3 was 
significantly more likely (odds ratio, 31.0) to have ≥ 2 high serum liver enzyme 
activities than was group 1. Results suggested that moderate to severe 
hypertriglyceridemia was associated with high serum liver enzyme activities in 
Miniature Schnauzers. 
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VI    Zusammenfassung 
Die idiopathische Hypertriglyzeridämie des Zwergschnauzers wurde bereits zuvor in 
der Literatur beschrieben. Es fehlen jedoch Studien, welche die Prävalenz der 
Hypertriglyzeridämie in einer größeren Gruppe von Hunden dieser Rasse 
untersuchen. Die folgende Studie umfasste 192 klinisch gesunde Zwergschnauzer und 
38 klinisch gesunde Hunde anderer Rassen (Kontrollgruppe). Die Triglyzerid- und 
Cholesterolkonzentrationen im Serum wurden in beiden Gruppen gemessen und 
statistisch ausgewertet. Hunde wurden in verschiedene Altersgruppen eingeteilt und 
die Triglyzeridkonzentration im Serum wurde zwischen den einzelnen Gruppen 
verglichen. Insgesamt wiesen 63 (32,8 %) der 192 Zwergschnauzer 
Triglyzeridkonzentrationen im Serum außerhalb des Referenzbereichs auf. Dagegen 
hatten von den insgesamt 38 Hunden der Kontrollgruppe nur 2 (5,3 %) Hunde 
Triglyzeridkonzentrationen im Serum außerhalb des Referenzbereichs. Der 
Medianwert der Triglyzeridkonzentration im Serum betrug bei Zwergschnauzern 73,5 
mg/dL, und war damit signifikant höher als der Medianwert der Kontrollgruppe 
(Medianwert: 55 mg/dL; p=0,0005). Die Cholesterolkonzentration im Serum lag bei 9 
(9,0 %) der 100 Zwergschnauzer und bei 2 Hunden (5,3 %) der Kontrollgruppe über 
dem Referenzbereiches. Der Mittelwert der Cholesterolkonzentration im Serum war 
nicht signifikant unterschiedlich zwischen beiden Gruppen (p=0,1374). Der 
Medianwert der Triglyzeridkonzentration im Serum der Zwergschnauzer war bei 
älteren Hunden signifikant höher (p<0,0001), und eine positive Korrelation wurde 
zwischen der Triglyzeridkonzentration im Serum und dem Alter der Tiere beobachtet 
(Spearman r=0,47; p<0,0001). Die Triglyzeridkonzentration im Serum war zwischen 
weiblichen und männlichen Tieren nicht signifikant verschieden (p=0,48). Die 
Ergebnisse dieser Studie ließen darauf schließen, dass klinisch gesunde 
Zwergschnauzer eine höhere Prävalenz von Hypertriglyzeridämie im Vergleich zu 
klinisch gesunden Hunden anderer Rassen aufweisen, und dass die Prävalenz sowie 
der Grad dieser Abnormalität mit steigendem Alter zunehmen. 
Der zweite Teil dieser Arbeit untersuchte die Frage, ob Hypertriglyzeridämie 
möglicherweise mit erhöhten Leberenzymwerten assoziiert ist. Diese Studie umfasste 
65 Zwergschnauzer mit physiologischer Triglyzeridkonzentration im Serum (Gruppe 
1), 20 Zwergschnauzer mit leicht erhöhter Triglyzeridkonzentration im Serum 
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(Gruppe 2), and 20 Zwergschnauzer mit mittelgradig bis hochgradig erhöhter 
Triglyzeridkonzentration im Serum (Gruppe 3). Fragebögen bezüglich des 
Gesundheitszustandes der Hunde wurden ausgewertet, und die Serumaktivität der 
folgenden Leberenzyme wurde gemessen: Alkalische Phosphatase (ALP), 
Alaninaminotransferase (ALT), Aspartataminotransferase (AST), und γ-
Glutamyltransferase (GGT). Die Hunde der Gruppe 3 hatten einen signifikant höheren 
Medianwert der ALP-Serumaktivität verglichen mit Hunden der Gruppen 1 und 2. 
Zwischen den Gruppen 1 und 2 gab es allerdings keinen signifikanten Unterschied 
bezüglich der Höhe der ALP-Serumaktivität. Die Hunde der Gruppe 3 hatten einen 
signifikant höheren Medianwert der ALT-Serumaktivität verglichen mit Gruppe 1. Im 
Vergleich zur Gruppe 1 hatten die Hunde der Gruppe 2 und 3 ein größeres Risiko für 
eine erhöhte ALP-Serumaktivität (odds ratio 26,2 bzw. 192,6). Zusätzlich hatten die 
Hunde der Gruppe 3 im Vergleich zu Gruppe 1 ein  größeres Risiko für eine erhöhte 
Serumaktivität der ALT (odds ratio 8,0), AST (odds ratio 3,7) und GGT (odds ratio 
11,3). Im Vergleich zu Gruppe 1 hatten Hunde der Gruppe 3 weiterhin ein  größeres 
Risiko (odd ratio 31,0) für eine Erhöhung von mindestens zwei der untersuchten 
Leberenzymaktivitäten. Die Ergebnisse dieser Studie deuteten darauf hin, dass 
mittelgradig bis hochgradig erhöhte Triglyzeridkonzentrationen im Serum bei 
Zwergschnauzern oft mit einer erhöhten Serumaktivität der Leberenzyme assoziiert 
sind. 
 
References 
 88 
VII    References 
 
 1.  Adams LA, Lymp JF, St Sauver J, et al. The natural history of nonalcoholic 
fatty liver disease: A population-based cohort study. Gastroenterology 
2005;129(1): 113-121. 
 2.  Adan Y, Shibata K, Sato M, et al. Effects of docosahexaenoic and 
eicosapentaenoic acid on lipid metabolism, eicosanoid production, platelet 
aggregation and atherosclerosis in hypercholesterolemic rats. Biosci 
Biotechnol Biochem 1999;63(1): 111-119. 
 3.  Aguirre A, Center S, Randolph J, et al. Gallbladder disease in Shetland 
Sheepdogs: 38 cases (1995-2005). J Am Vet Med Assoc 2007;231(1): 79-88. 
 4.  Ameis D, Greten H, Schotz MC. Hepatic and plasma lipases. Semin Liver Dis 
1992;12(4): 397-402. 
 5.  Anderson NV, Low DG. Diseases of the canine pancreas: a comparative 
summary of 103 cases. Animal Hosp 1965;1: 189-194. 
 6.  Anderson NV, Strafuss AC. Pancreatic disease in dogs and cats. J Am Vet 
Med Assoc 1971;159(7): 885-891. 
 7.  Angulo P. Medical progress - Nonalcoholic fatty liver disease. N Engl J Med 
2002;346(16): 1221-1231. 
 8.  Armstrong PJ, Ford RB. Hyperlipidemia. In: Current Veterinary Therapy. 
Kirk RW, ed. Philadelphia: WB Saunders 1989: 1046-1050. 
 9.  Assy N, Kaita K, Mymin D, et al. Fatty infiltration of liver in hyperlipidemic 
patients. Dig Dis Sci 2000;45(10): 1929-1934. 
 10.  Baggio G, Manzato E, Gabelli C, et al. Apolipoprotein C-II deficiency 
syndrome - clinical features, lipoprotein characterization, lipase activity, and 
correction of hypertriglyceridemia after apolipoprotein C-II administration in 
2 affected patients. J Clin Invest 1986;77(2): 520-527. 
 11.  Bailhache E, Nguyen P, Krempf M, et al. Lipoproteins abnormalities in obese 
insulin-resistant dogs. Metabolism 2003;52(5): 559-564. 
 12.  Barrie J, Watson TDG, Stear MJ, et al. Plasma cholesterol and lipoprotein 
concentrations in the dog - the effects of age, breed, gender and endocrine 
disease. J Small Anim Pract 1993;34(10): 507-512. 
References 
 89 
 13.  Bass VD, Hoffman WE, Droner JL. Normal canine lipid profiles and effects of 
experimentally induced pancreatitis and hepatic necrosis on lipids. Am J Vet 
Res 1976;37(11): 1355-1357. 
 14.  Bauer JE. Diet induced alterations of lipoprotein metabolism. J Am Vet Med 
Assoc 1992;201(11): 1691-1694. 
 15.  Bauer JE. Evaluation and dietary considerations in idiopathic hyperlipidemia 
in dogs. J Am Vet Med Assoc 1995;206(11): 1684-1688. 
 16.  Bauer JE. Comparative lipid and lipoprotein metabolism. Vet Clin Pathol 
1996;25(2): 49-56. 
 17.  Bauer JE. Lipoprotein-mediated transport of dietary and synthesized lipids and 
lipid abnormalities of dogs and cats. J Am Vet Med Assoc 2004;224(5): 668-
675. 
 18.  Baum D. Congenital lipoprotein lipase deficiency and hyperlipemia in the 
young puppy. Proc Soc Exp Biol Med 1969;131(1): 183-185. 
 19.  Ben Zeev O, Lusis AJ, LeBoeuf RC, et al. Evidence for independent genetic 
regulation of heart and adipose lipoprotein lipase activity. J Biol Chem 
1983;258(22): 13632-13636. 
 20.  Bhatnagar D, Durrington PN, Mackness MI, et al. Effects of treatment of 
hypertriglyceridemia with gemfibrozil on serum lipoproteins and the transfer 
of cholesteryl ester from high-density lipoproteins to low-density lipoproteins. 
Atherosclerosis 1992;92(1): 49-57. 
 21.  Bijvoet S, Gagne SE. Alterations in plasma lipoproteins and apolipoproteins 
before the age of 40 in heterozygotes for lipoprotein lipase deficiency. J Lipid 
Res 1996;37(3): 640-650. 
 22.  Blomhoff JP, Holme R, Ostrem T. Plasma cholesterol esterification and 
plasma lipoproteins in bile-duct-ligated dogs. Scand J Gastroenterol 
1978;13(6): 693-702. 
 23.  Bodkin K. Seizures associated with hyperlipoproteinemia in a Miniature 
Schnauzer. Canine Pract 1992;17(1): 11-15. 
 24.  Boland LL, Folsom AR, Rosamond WD. Hyperinsulinemia, dyslipidemia, and 
obesity as risk factors for hospitalized gallbladder disease: a prospective study. 
Ann Epidemiol 2002;12(2): 131-140. 
References 
 90 
 25.  Breckenridge WC, Little JA, Alaupovic P, et al. Lipoprotein abnormalities 
associated with a familial deficiency of hepatic lipase. Atherosclerosis 
1982;45(2): 161-179. 
 26.  Breckenridge WC, Little JA, Steiner G, et al. Hypertriglyceridemia associated 
with deficiency of apolipoprotein C-II. N Engl J Med 1978;298(23): 1265-
1273. 
 27.  Brightman AH, Bestre WA, Helper LC. Lipemia retinalis associated with 
pancreatitis in a dog (a case report). Vet Med Small Anim Clin 1980;75(5): 
803-806. 
 28.  Brouwers MC, Bilderbeek-Beckers MA, Georgieva AM et al. Fatty liver is an 
integral feature of familial combined hyperlipidaemia: relationship with fat 
distribution and plasma lipids. Clin Sci 2007;112(1-2): 123-130. 
 29.  Brunzell JD, Iverius PH, Scheibel MS, et al. Primary lipoprotein lipase 
deficiency. Adv Exp Med Biol 1986;201: 227-239. 
 30.  Burkhard MJ, Meyer DJ. Causes and effects of interference with clinical 
laboratory measurements and examinations. In: Kirk's Current Veterinary 
Therapy XII. Bonagura JD, ed. Philadelphia: WB Saunders 1995: 14-20. 
 31.  Calabresi L, Pisciotta L, Costantin A, et al. The molecular basis of lecithin: 
cholesterol acyltransferase deficiency syndromes: a comprehensive study of 
molecular and biochemical findings in 13 unrelated Italian families. 
Arterioscler Thromb Vasc Biol 2005;25(9): 1972-1978. 
 32.  Cameron JL, Capuzzi DM, Zuidema GD, et al. Acute pancreatitis with 
hyperlipemia. Evidence for a persistent defect in lipid metabolism. Am J Med. 
1974;56(4): 482-487. 
 33.  Catapano AL, Mills GL, Roma P, et al. Plasma lipids, lipoproteins and 
apoproteins in a case of apo C-II deficiency. Clin Chim Acta 1983;130(3): 
317-327. 
 34.  Center SA. Diagnostic procedures for evaluation of hepatic disease. In: 
Strombeck's Small Animal Gastroenterology. Strombeck DR, Guilford WG, 
Center SA, et al, eds. Philadelphia: WB Saunders 1996a: 130-188. 
 35.  Center SA. Hepatic lipidosis, glucocorticoid hepatopathy, vacuolar 
hepatopathy, storage disorders, amyloidosis, and iron toxicity. In: Strombeck's 
Small Animal Gastroenterology. Strombeck DR, Guilford WG, Center SA, et 
al, eds. Philadelphia: WB Saunders 1996b: 766-801. 
References 
 91 
 36.  Center SA, Smith CA, Wilkinson E, et al. Clinicopathological, renal 
immunofluorescent, and light microscopic features of glomerulonephritis in 
the dog: 41 cases (1975-1985). J Am Vet Med Assoc 1987;190(1): 81-90. 
 37.  Chew DJ, Dibartola SP, Boyce JT, et al. Juvenile renal disease in Doberman 
Pinscher dogs. J Am Vet Med Assoc 1983;182(5): 481-485. 
 38.  Chikamune T, Katamoto H, Nomura K, et al. Lipoprotein profile in canine 
pancreatitis induced with oleic acid. J Vet Intern Med 1998;60(4): 413-421. 
 39.  Chikamune T, Katamoto H, Ohashi F et al. Serum lipid and lipoprotein 
concentrations in obese dogs. J Vet Med Sci  1995;57(4): 595-598. 
 40.  Chuang JH, Shieh CS, Chang NK, et al. Metabolic effect of parenteral 
nutrition in dogs with obstructive jaundice. J Am Coll Nutr 1995;14(2): 197-
201. 
 41.  Clark JM, Brancati FL, Diehl AM. The prevalence and etiology of elevated 
aminotransferase levels in the United States. Am J Gastroenterol 2003;98(5): 
960-967. 
 42.  Coleman T, Seip RL. COOH-terminal disruption of lipoprotein lipase in mice 
is lethal in homozygotes, but heterozygotes have elevated triglycerides and 
impaired enzyme activity. J Biol Chem. 1995;270(21): 12518-12525. 
 43.  Comazzi S, Pieralisi C, Bertazzolo W. Haematological and biochemical 
abnormalities in canine blood: frequency and associations in 1022 samples. J 
Small Anim Pract 2004;45(7): 343-349. 
 44.  Connelly PW. The role of hepatic lipase in lipoprotein metabolism. Clin Chim 
Acta. 1999;286(1-2): 243-255. 
 45.  Connelly PW, Hegele RA. Hepatic lipase deficiency. Crit Rev Clin Lab Sci 
1998;35(6): 547-572. 
 46.  Connelly PW, Maguire GF, Hofmann T, et al. Structure of apolipoprotein C-
IIToronto, a nonfunctional human apolipoprotein. Proc Natl Acad Sci U S A 
1987a;84(1): 270-273. 
 47.  Connelly PW, Maguire GF, Little JA. Apolipoprotein CIISt Michael. Familial 
apolipoprotein CII deficiency associated with premature vascular disease. J 
Clin Invest 1987b;80(6): 1597-1606. 
 48.  Cook AK, Breitschwerdt EB, Levine JF, et al. Risk factors associated with 
acute pancreatitis in dogs: 101 cases (1985-1990). J Am Vet Med Assoc 
1993;203(5): 673-679. 
References 
 92 
 49.  Cook AK, Cowgill LD. Clinical and pathological features of protein-losing 
glomerular disease in the dog: a review of 137 cases (1985-1992). J Am Anim 
Hosp Assoc 1996;32(4): 313-322. 
 50.  Cox DW, Wills DE, Quan F, et al. A Deletion of one nucleotide results in 
functional deficiency of apolipoprotein CII (apo CII Toronto). J Med Genet 
1988;25(10): 649-652. 
 51.  Crecchio C, Capurso A, Pepe G. Identification of the mutation responsible for 
a case of plasmatic apolipoprotein CII Deficiency (Apo CII-Bari). Biochem 
Biophys Res Commun 1990;168(3): 1118-1127. 
 52.  Crispin SM. Ocular manifestations of hyperlipoproteinemia. J Small Anim 
Pract 1993;34(10): 500-506. 
 53.  Cryer A. Tissue lipoprotein lipase activity and its action in lipoprotein 
metabolism. Int J Biochem 1981;13(5): 525-541. 
 54.  Danielsson B, Ekman R, Johansson BG, et al. Plasma lipoprotein changes in 
experimental cholestasis in dog. Clin Chim Acta 1977;80(1): 157-170. 
 55.  de Bruin TW, Georgieva AM, Brouwers MC, et al. Radiological evidence of 
nonalcoholic fatty liver disease in familial combined hyperlipidemia. Am J 
Med 2004;116(12): 847-849. 
 56.  de Graaf J, Hoffer MJ, Stuyt PM et al. Familial chylomicronemia caused by a 
novel type of mutation in the APOE-CI-CIV-CII gene cluster encompassing 
both the APOCII gene and the first APOCIV gene mutation: APOCII-CIV 
(Nijmegen). Biochem Biophys Res Commun 2000;273(3): 1084-1087. 
 57.  Deckelbaum RJ, Eisenberg S, Oschry Y, et al. Reversible modification of 
human plasma low density lipoproteins toward triglyceride-rich precursors. A 
mechanism for losing excess cholesterol esters. J Biol Chem 1982;257(11): 
6509-6517. 
 58.  Demacker PN, van Heijst PJ, Haklemmers HL, et al. A study of the lipid 
transport system in the cat, Felix domesticus. Atherosclerosis 1987;66(1-2): 
113-123. 
 59.  de Morais HS, Dibartola SP, Chew DJ. Juvenile renal disease in Golden 
Retrievers: 12 cases (1984-1994). J Am Vet Med Assoc 1996;209(4): 792-
797. 
References 
 93 
 60.  Dibartola SP, Tarr MJ, Parker AT, et al. Clinicopathologic findings in dogs 
with renal amyloidosis: 59 cases (1976-1986). J Am Vet Med Assoc 
1989;195(3): 358-364. 
 61.  Dibartola SP, Tarr MJ, Webb DM, et al. Familial renal amyloidosis in Chinese 
Shar Pei dogs. J Am Vet Med Assoc 1990;197(4): 483-487. 
 62.  Diez M, Michaux C, Jeusette I, et al. Evolution of blood parameters during 
weight loss in experimental obese Beagle dogs. J Anim Physiol Anim Nutr 
2004;88(3-4): 166-171. 
 63.  Dixon RM, Reid SW, Mooney CT. Epidemiological, clinical, haematological 
and biochemical characteristics of canine hypothyroidism. Vet Rec 
1999;145(17): 481-487. 
 64.  Downs LG, Bolton CH, Crispin SM, et al. Plasma lipoprotein lipids in five 
different breeds of dogs. Res Vet Sci 1993;54(1): 63-67. 
 65.  Downs LG, Crispin SM, LeGrande-Defretin V, et al. The effect of dietary 
changes on plasma lipids and lipoproteins of six Labrador Retrievers. Res Vet 
Sci 1997;63(2): 175-181. 
 66.  Ekstedt M, Franzen LE, Mathiesen UL, et al. Survival and causes of death in 
patients with elevated liver enzymes associated with non-alcoholic fatty liver 
disease (NAFLD). J Hepatol 2006;44: S40-S41. 
 67.  Elliott DA. Dietary and medical considerations in hyperlipidemia. In: 
Textbook of Veterinary Internal Medicine. Ettinger SJ, Feldman EC, eds. St. 
Louis: Saunders Elsevier 2005: 592-595. 
 68.  Feldman EC, Nelson RW. Canine and Feline Endocrinology and 
Reproduction. Feldman EC, Nelson RW, eds. St. Louis: Saunders 2004: 85-
645 
 69.  Fielding CJ, Fielding PE. Molecular physiology of reverse cholesterol 
transport. J Lipid Res 1995;36(2): 211-228. 
 70.  Fojo SS, Beisiegel U, Beil U, et al. Donor splice site mutation in the 
apolipoprotein (Apo) C-II gene (Apo C-IIHamburg) of a patient with apo C-II 
deficiency. J Clin Invest 1988a;82(5): 1489-1494. 
 71.  Fojo SS, de Gennes JL, Chapman J, et al. An initiation codon mutation in the 
apoC-II gene (apoC-II Paris) of a patient with a deficiency of apolipoprotein 
C-II. J Biol Chem 1989a;264(35): 20839-20842. 
References 
 94 
 72.  Fojo SS, Law SW, Brewer HB. The human preproapolipoprotein C-II gene. 
Complete nucleic acid sequence and genomic organization. FEBS Lett 
1987;213(1): 221-226. 
 73.  Fojo SS, Law SW, Brewer HB, et al. The localization of the gene for 
apolipoprotein C-II to chromosome 19. Biochem Biophys Res Commun 
1984;122(2): 687-693. 
 74.  Fojo SS, Lohse P, Parrott C, et al. A nonsense mutation in the apolipoprotein 
C-IIPadova gene in a patient with apolipoprotein C-II deficiency. J Clin Invest 
1989b;84(4): 1215-1219. 
 75.  Fojo SS, Stalenhoef AF, Marr K, et al. A deletion mutation in the ApoC-II 
gene (ApoC-II Nijmegen) of a patient with a deficiency of apolipoprotein C-II. 
J Biol Chem 1988b;263(34): 17913-17916. 
 76.  Fojo SS, Taam L, Fairwell T, et al. Human preproapolipoprotein C-II. 
Analysis of major plasma isoforms. J Biol Chem 1986;261(21): 9591-9594. 
 77.  Ford RB. Idiopathic hyperchylomicronemia in Miniature Schnauzers. J Small 
Anim Pract 1993;34(10): 488-492. 
 78.  Ford RB. Clinical management of lipemic patients. Compend Contin Educ 
Pract Vet 1996;18(10): 1053-1060. 
 79.  Fortson MR, Freedman SN, Paul D. Clinical assessment of hyperlipidemic 
pancreatitis. Am J Gastroenterol 1995;90(12): 2134-2139. 
 80.  Frost PH, Shore VG, Havel RJ. Purification of canine post-heparin hepatic 
lipase. Biochim Biophys Acta 1982;712(1): 71-78. 
 81.  Froyland L, Asiedu DK, Vaagenes H, et al. Tetradecylthioacetic acid 
incorporated into very low density lipoprotein: changes in the fatty acid 
composition and reduced plasma lipids in cholesterol-fed hamsters. J Lipid 
Res 1995;36(12): 2529-2540. 
 82.  Froyland L, Vaagenes H, Asiedu DK, et al. Chronic administration of 
eicosapentaenoic acid and docosahexaenoic acid as ethyl esters reduced 
plasma cholesterol and changed the fatty acid composition in rat blood and 
organs. Lipids 1996;31(2): 169-178. 
 83.  Ginsberg HN. Lipoprotein physiology. Endocrinol Metab Clin North Am 
1998;27(3): 503-519. 
 84.  Ginzinger DG, Clee SM. Lipid and lipoprotein analysis in cats with 
lipoprotein lipase deficiency. J Clin Invest 1999;29(1): 17-26. 
References 
 95 
 85.  Gleeson JM, Hejazi JS, Kwong L, et al. Plasma apolipoprotein E, high density 
lipoprotein1 (HDL1) and urinary mevalonate excretion in pancreatectomized 
diabetic dogs: effects of insulin and lovastatin. Atherosclerosis 1990;84(1): 1-
12. 
 86.  Goodhead B. Importance of nutrition in the pathogenesis of experimental 
pancreatitis in the dog. Arch Surg 1971;103(6): 724-727. 
 87.  Guyton AC, Hall JE. Digestion and absorption in the gastrointestinal tract. In: 
Textbook of Medical Physiology. Guyton AC, Hall JE, eds. Philadelphia: WB 
Saunders 2000: 754-763. 
 88.  Havel RJ. Pathogenesis, differentiation and managment of 
hypertriglyceridemia. Adv Intern Med 1969;15: 117-54. 
 89.  Havel RJ, Shore VG, Shore B, et al. Role of specific glycopeptides of human 
serum lipoproteins in activation of lipoprotein lipase. Circ Res 1970;27(4): 
595-600. 
 90.  Hayden MR, Liu MS, Ma YH. Gene environment interaction and plasma 
triglyceride levels: the crucial role of lipoprotein lipase. Clin Genet 
1994;46(1): 15-18. 
 91.  Hegele RA. Monogenic dyslipidemias: window on determinants of plasma 
lipoprotein metabolism. Am J Hum Genet 2001;69(6): 1161-1177. 
 92.  Hegele RA, Connelly PW, Maguire GF, et al. An apolipoprotein CII mutation, 
CIILys19----Thr' identified in patients with hyperlipidemia. Dis Markers 
1991;9(2): 73-80. 
 93.  Hess RS, Kass PH, Shofer FS, et al. Evaluation of risk factors for fatal acute 
pancreatitis in dogs. J Am Vet Med Assoc 1999;214(1): 46-51. 
 94.  Hess RS, Kass PH, Van Winkle TJ. Association between diabetes mellitus, 
hypothyroidism or hyperadrenocorticism, and atherosclerosis in dogs. J Vet 
Intern Med 2003;17(4): 489-494. 
 95.  Hess RS, Saunders HM, Van Winkle TJ, et al. Clinical, clinicopathologic, 
radiographic, and ultrasonographic abnormalities in dogs with fatal acute 
pancreatitis: 70 cases (1986-1995). J Am Vet Med Assoc 1998;213(5): 665-
670. 
 96.  Hess RS, Saunders HM, Van Winkle TJ, et al. Concurrent disorders in dogs 
with diabetes mellitus: 221 cases (1993-1998). J Am Vet Med Assoc. 
2000;217(8): 1166-1173. 
References 
 96 
 97.  Huang HP, Yang HL, Liang SL, et al. Iatrogenic hyperadrenocorticism in 28 
dogs. J Am Anim Hosp Assoc 1999;35(3): 200-207. 
 98.  Hubert B, Braun JP, de la Farge F, et al. Hypertriglyceridemia in two related 
dogs. Comp Anim Pract 1987;1(33): 33-35. 
 99.  Hubscher SG. Histological assessment of non-alcoholic fatty liver disease. 
Histopathology 2006;49(5): 450-465. 
 100.  Illingworth DR, Connor WE, Hatcher LF, et al. Hypolipidaemic effects of n-3 
fatty acids in primary hyperlipoproteinaemia. J Intern Med Suppl 1989;225: 
91-97. 
 101.  Inadera H, Hibino A, Kobayashi J, et al. A missense mutation (Trp 26-->Arg) 
in exon 3 of the apolipoprotein CII gene in a patient with apolipoprotein CII 
deficiency (apo CII-Wakayama). Biochem Biophys Res Commun 
1993;193(3): 1174-1183. 
 102.  Ioannou GN, Boyko EJ, Lee SP. The prevalence and predictors of elevated 
serum aminotransferase activity in the United States in 1999-2002. Am J 
Gastroenterol 2006;101(1): 76-82. 
 103.  Jaeger JQ, Jonson S, Hinchcliff KW, et al. Characterization of biochemical 
abnormalities in idiopathic hyperlipidemia of Miniature Schnauzer dogs. J Vet 
Int Med 2003;16(3): 394 (abstract) 
 104.  Jensen GL, Daggy B, Bensadoun A. Triacylglycerol lipase, monoacylglycerol 
lipase and phospholipase activities of highly purified rat hepatic lipase. 
Biochim Biophys Acta 1982;710(3): 464-470. 
 105.  Jeusette I, Grauwels M, Cuvelier C, et al. Hypercholesterolaemia in a family 
of rough collie dogs. J Small Anim Pract 2004;45(6): 319-324. 
 106.  Jeusette IC, Lhoest ET, Istasse LP, et al. Influence of obesity on plasma lipid 
and lipoprotein concentrations in dogs. Am J Vet Res 2005;66(1): 81-86. 
 107.  Johnson CD, Charnley R, Rowlands B, et al. UK guidelines for the 
management of acute pancreatitis. Gut 2005;54: 1-9. 
 108.  Johnson MC. Hyperlipidemia disorders in dogs. Compend Contin Educ Pract 
Vet 2005;27(5): 361-364. 
 109.  Jonas A. Lecithin cholesterol acyltranferase. Biochim Biophys Acta 
2000;1529(1-3): 245-256. 
 110.  Jones BR, Johnstone AC, Hancock WS, et al. Inhereted 
hyperchylomicronemia in the cat. Fel Pract 1986a;16(5): 7-12. 
References 
 97 
 111.  Jones BR, Johnstone AC, Cahill JI, et al. Peripheral neuropathy in cats with 
inherited primary hyperchylomicronaemia. Vet Rec 1986b;119(11): 268-272. 
 112.  Kagawa Y, Hirayama K, Uchida E, et al. Systemic atherosclerosis in dogs: 
histopathological and immunohistochemical studies of atherosclerotic lesions. 
J Comp Pathol 1998;118(3): 195-206. 
 113.  Kashyap ML, McGovern ME, Berra K, et al. Long-term safety and efficacy of 
a once-daily niacin/lovastatin formulation for patients with dyslipidemia. Am J 
Cardiol 2002;89(6): 672-678. 
 114.  Kaysen GA, Myers BD, Couser WG, et al. Mechanisms and consequences of 
proteinuria. Lab Invest 1986;54(5): 479-498. 
 115.  Kichian K, Mclean R, Gramlich LM, et al. Nonalcoholic fatty liver disease in 
patients investigated for elevated liver enzymes. Can J Gastroenterol 
2003;17(1): 38-42. 
 116.  Korn ED. Clearing factor, a heparin-activated lipoprotein lipase. II. Substrate 
specificity and activation of coconut oil. J Biol Chem 1955;215(1): 15-26. 
 117.  Kuivenhoven JA, Pritchard H, Hill J, et al. The molecular pathology of 
lecithin: cholesterol acyltransferase (LCAT) deficiency syndromes. J Lipid 
Res 1997;38(2): 191-205. 
 118.  Lam CW, Yuen YP, Cheng WF, et al. Missense mutation Leu72Pro located on 
the carboxyl terminal amphipathic helix of apolipoprotein C-II causes familial 
chylomicronemia syndrome. Clin Chim Acta 2006;364(1-2): 256-259. 
 119.  Laposata EA, Laboda HM, Glick JM, et al. Hepatic lipase. synthesis, 
processing, and secretion by isolated rat hepatocytes. J Biol Chem. 
1987;262(11): 5333-5338. 
 120.  Larosa JC, Levy RI, Herbert P, et al. A specific apoprotein activator for 
lipoprotein lipase. Biochem Biophys Res Commun 1970;41(1): 57-62. 
 121.  LaRosa JC, Levy RI, Windmueller HG, et al. Comparison of the triglyceride 
lipase of liver, adipose tissue, and postheparin plasma. J Lipid Res 1972;13(3): 
356-363. 
 122.  LeBlanc CJ, Bauer JE, Hosgood G, et al. Effect of dietary fish oil and vitamin 
E supplementation on hematologic and serum biochemical analytes and 
oxidative status in young dogs. Vet Ther 2005;6(4): 325-340. 
 123.  Lees RS, Wilson DE, Schonfeld G, et al. The familial dyslipoproteinemias. 
Prog Med Genet 1973;9: 237-290. 
References 
 98 
 124.  Lindsay S, Entenmann C, Chaikoff IL. Pancreatitis accompanying hepatic 
disease in dogs fed a high fat, low protein diet. Arch Path 1948;45: 635-638. 
 125.  Ling GV, Stabenfeldt GH, Comer KM et al. Canine hyperadrenocorticism: 
pretreatment clinical and laboratory evaluation of 117 cases. J Am Vet Med 
Assoc 1979;174(11): 1211-1215. 
 126.  Littman MP, Dambach DM, Vaden SL, et al. Familial protein-losing 
enteropathy and protein-losing nephropathy in Soft Coated Wheaten Terriers: 
222 cases (1983-1997). J Vet Int Med 2000;14(1): 68-80. 
 127.  Liu SK, Tilley LP, Tappe JP, et al. Clinical and pathologic findings in dogs 
with atherosclerosis: 21 cases (1970-1983). J Am Vet Med Assoc 
1986;189(2): 227-232. 
 128.  Logas D, Beale KM, Bauer JE. Potential clinical benefits of dietary 
supplementation with marine-life oil. J Am Vet Med Assoc 1991;199(11): 
1631-1636. 
 129.  Lu CK, Chen SJ, Niu DM, et al. Electrophysiological changes in lipaemia 
retinalis. Am J Ophthalmol 2005;139(6): 1142-1145. 
 130.  Mahley RW, Innerarity TL, Weisgraber KH, et al. Canine 
hyperlipoproteinemia and atherosclerosis. Accumulation of lipid by aortic 
medial cells in vivo and in vitro. Am J Pathol 1977;87(1): 205-225. 
 131.  Mahley RW, Weisgraber KH. Canine lipoproteins and atherosclerosis. I. 
Isolation and characterization of plasma lipoproteins from control dogs. Circ 
Res 1974;35(5): 713-721. 
 132.  Mahley RW, Weisgraber KH, Innerarity T. Canine lipoproteins and 
atherosclerosis. II. Characterization of the plasma lipoproteins associated with 
atherogenic and nonatherogenic hyperlipidemia. Circ Res 1974;35(5): 722-
733. 
 133.  Maldonado EN, Romero JR, Ochoa B, et al. Lipid and fatty acid composition 
of canine lipoproteins. Comp Biochem Physiol B Biochem Mol Biol 
2001;128(4): 719-729. 
 134.  Milburn JL, Hirose H, Lee YH, et al. Pancreatic beta-cells in obesity. 
Evidence for induction of functional, morphologic, and metabolic 
abnormalities by increased long chain fatty acids. J Biol Chem 1995;270(3): 
1295-1299. 
References 
 99 
 135.  Miller NE, Rao SN, Alaupovic P, et al. Familial apolipoprotein CII deficiency: 
plasma lipoproteins and apolipoproteins in heterozygous and homozygous 
subjects and the effects of plasma infusion. Eur J Clin Invest 1981;11(1): 69-
76. 
 136.  Mingrone G, DeGaetano A, Greco AV, et al. Reversibility of insulin 
resistance in obese diabetic patients: role of plasma lipids. Diabetologia 
1997;40(5): 599-605. 
 137.  Mingrone G, Henriksen FL, Greco AV, et al. Triglyceride-induced diabetes 
associated with familial lipoprotein lipase deficiency. Diabetes 1999;48(6): 
1258-1263. 
 138.  Murthy V, Julien P, Gagné C. Molecular pathobiology of the human 
lipoprotein lipase gene. Pharmacol Ther 1996;70(2): 101-135. 
 139.  Nair S, Yadav D, Pitchumoni CS. Association of diabetic ketoacidosis and 
acute pancreatitis: observations in 100 consecutive episodes of DKA. Am J 
Gastroenterol 2000;95(10): 2795-2800. 
 140.  Nelson RW, Turnwald GH, Willard MD. Endocrine, metabolic, and lipid 
disorders. In: Small Animal Clinical Diagnosis by Laboratory Methods. 
Willard MD, Tvedten H, eds. St. Louis: Saunders 2004: 165-207. 
 141.  Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis: summary 
of an AASLD Single Topic Conference. Hepatology 2003;37(5): 1202-1219. 
 142.  Nieto CG, Barrera R, Habela MA, et al. Changes in the plasma concentrations 
of lipids and lipoprotein fractions in dogs infected with Leishmania infantum. 
Vet Parasitol 1992;44(3-4): 175-182. 
 143.  Nikkila EA. High density lipoproteins in diabetes. Diabetes 1981;30(Suppl 2): 
82-87. 
 144.  Nilsson-Ehle P, Garfinkel AS, Schotz MC. Lipolytic enzymes and plasma 
lipoprotein metabolism. Annu Rev Biochem 1980;49: 667-693. 
 145.  Ogilvie GK, Ford RB, Vail DM, et al. Alterations in lipoprotein profiles in 
dogs with lymphoma. J Vet Intern Med 1994;8(1): 62-66. 
 146.  Okumura T, Fujioka Y, Morimoto S, et al. Eicosapentaenoic acid improves 
endothelial function in hypertriglyceridemic subjects despite increased lipid 
oxidizability. Am J Med Sci 2002;324(5): 247-253. 
 147.  Panciera DL. Hypothyroidism in dogs: 66 cases (1987-1992). J Am Vet Med 
Assoc 1994;204(5): 761-767. 
References 
 100 
 148.  Pantsari MW, Harrison SA. Nonalcoholic fatty liver disease presenting with 
an isolated elevated alkaline phosphatase. J Clin Gastroenterol 2006;40(7): 
633-635. 
 149.  Parrott CL, Alsayed N, Rebourcet R, et al. ApoC-IIParis2: a premature 
termination mutation in the signal peptide of apoC-II resulting in the familial 
chylomicronemia syndrome. J Lipid Res 1992;33(3): 361-367. 
 150.  Peritz LN, Brunzell JD, Harvey-Clarke C, et al. Characterization of a 
lipoprotein lipase class III type defect in hypertriglyceridemic cats. Clin Invest 
Med 1990;13(5): 259-263. 
 151.  Pike FS, Berg J, King NW, et al. Gallbladder mucocele in dogs: 30 cases 
(2000-2002). J Am Vet Med Assoc 2004;224(10): 1615-1622. 
 152.  Pullinger CR, Zysow BR, Hennessy LK, et al. Molecular cloning and 
characteristics of a new apolipoprotein C-II mutant identified in three 
unrelated individuals with hypercholesterolemia and hypertriglyceridemia. 
Hum Mol Genet 1993;2(1): 69-74. 
 153.  Reusch C, Hoerauf A, Lechner J, et al. A New familial glomerulonephropathy 
in Bernese mountain dogs. Vet Rec 1994;134(16): 411-415. 
 154.  Rifai N, Bachorik PS, Albers JJ. Lipids, lipoproteins, and apolipoproteins. In: 
Tietz Textbook of Clinical Chemistry. Burtis CA, Ashwood ER. Philadelphia: 
WB Saunders 1999: 809-861. 
 155.  Rogers WA. Lipemia in the dog. Vet Clin North Am Small Anim Pract 
1977;7(3): 637-647. 
 156.  Rogers WA, Donovan EF, Kociba GJ. Idiopathic hyperlipoproteinemia in 
dogs. J Am Vet Med Assoc 1975a;166(11): 1087-1091. 
 157.  Rogers WA, Donovan EF, Kociba GJ. Lipids and lipoproteins in normal dogs 
and in dogs with secondary hyperlipoproteinemia. J Am Vet Med Assoc 
1975b;166(11): 1092-1100. 
 158.  Saharia P, Margolis S, Zuidema GD, et al. Acute pancreatitis with 
hyperlipidemia: studies with an isolated perfused canine pancreas. Surgery 
1977;82(1): 60-67. 
 159.  Saku K, Cedres C, Mcdonald B, et al. C-II anapolipoproteinemia and severe 
hypertriglyceridemia. Report of a rare case with absence of C-II 
apolipoprotein isoforms and review of the literature. Am J Med 1984;77(3): 
457-462. 
References 
 101 
 160.  Sanders TA, Hinds A, Pereira CC. Influence of n-3 fatty acids on blood lipids 
in normal subjects. J Intern Med 1989;225: 99-104. 
 161.  Sane T, Taskinen MR. Does familial hypertriglyceridemia predispose to 
NIDDM? Diabetes Care 1993;16(11): 1494-1501. 
 162.  Sato K, Agoh H, Kaneshige T, et al. Hypercholesterolemia in Shetland 
sheepdogs. J Vet Med Sci 2000;62(12): 1297-1301. 
 163.  Schenck PA. Lipoprotein lipase and hepatic lipase activity in dogs with 
primary hyperlipoproteinemia. J Vet Int Med 2002;17(3): 386 (abstract). 
 164.  Schenck PA, Donovan D, Refsal KN, et al. Incidence of hypothyroidism in 
dogs with chronic hyperlipidemia. J Vet Int Med 2004;18(3): 442 (abstract). 
 165.  Scherk MA, Center SA. Toxic, metabolic, infectious, and neoplastic liver 
diseases. In: Textbook of Veterinary Internal Medicine. Ettinger SJ, Feldman 
EC, eds. St. Louis: Saunders Elsevier 2005: 1464-1478. 
 166.  Schickel R. Identification of the nucleotide sequence of the lipoprotein lipase 
gene as well as its role in the development of hyperlipidemia and pancreatitis 
in the Miniature Schnauzer. (Dr. med. vet. dissertation) Ludwig-Maximilians 
University, Munich, 2005a:1-51. 
 167.  Schickel R, Steiner JM, Cox ML, Williams DA. Evaluation of seven exons of 
the lipoprotein lipase gene in Miniature Schnauzers with hypertriglyceridemia 
and pancreatitis. J Vet Intern Med 2005b;19(3): 472-473 (abstract). 
 168.  Semenkovich CF, Chen SH, Wims M, et al. Lipoprotein lipase and hepatic 
lipase mRNA tissue specific expression, developmental regulation, and 
evolution. J Lipid Res 1989;30(3): 423-431. 
 169.  Shah GK, Sharma S, Walsh A. Lipemia retinalis. Ophthalmic Surg Lasers 
2001;32(1): 77-78. 
 170.  Smith CE, Freeman LM, Meurs KM, et al. Plasma fatty acid concentrations in 
Boxers and Doberman Pinschers. Am J Vet Res 2008;69(2): 195-198. 
 171.  Speck L. Fall von lipamia. Arch Verin Wissenschaftl Heilkunde 1865;1:232. 
Quoted in: Lipidoses, diseases of the intracellular lipid metabolism. 
Trannhauser SJ, ed. New York: Grune & Stratton, 1958:307. 
 172.  Spencer CM, Barradell LB. Gemfibrozil. A reappraisal of its pharmacological 
properties and place in the management of dyslipidaemia. Drugs 1996;51(6): 
982-1018. 
References 
 102 
 173.  Stalenhoef AF, Casparie AF, Demacker PN, et al. Combined deficiency of 
apolipoprotein C-II and lipoprotein lipase in familial hyperchylomicronemia. 
Metabolism 1981;30(9): 919-926. 
 174.  Stalenhoef AF, de Graaf J, Wittekoek ME, et al. The effect of concentrated n-
3 fatty acids versus gemfibrozil on plasma lipoproteins, low density 
lipoprotein heterogeneity and oxidizability in patients with 
hypertrygliceridemia. Atherosclerosis 2000;153(1): 129-138. 
 175.  Steiner JM. Canine digestive lipases. (PhD thesis) Texas A&M University, 
2000; 1-251. 
 176.  Streicher R, Geisel J, Weisshaar C, et al. A single nucleotide substitution in 
the promoter region of the apolipoprotein C-II gene identified in individuals 
with chylomicronemia. J Lipid Res 1996;37(12): 2599-607. 
 177.  Tall AR. Plasma high density lipoproteins. Metabolism and relationship to 
atherogenesis. J Clin Invest 1990;86(2): 379-384. 
 178.  Tidholm A, Jonsson L. A retrospective study of canine dilated 
cardiomyopathy (189 cases). J Am Anim Hosp Assoc1997;33(6): 544-550. 
 179.  Toskes PP. Hyperlipidemic pancreatitis. Gastroenterol Clin North Am 
1990;19(4): 783-791. 
 180.  Tsutsumi K, Hagi A, Inoue Y. The relationship between plasma high density 
lipoprotein cholesterol levels and cholesteryl ester transfer protein activity in 
six species of healthy experimental animals. Biol Pharm Bull 2001;24(5): 579-
581. 
 181.  Vitale CL, Olby NJ. Neurologic dysfunction in hypothyroid, hyperlipidemic 
Labrador Retrievers. J Vet Intern Med 2007;21(6): 1316-1322. 
 182.  Wada M, Minamisono T, Ehrhart LA, et al. Familial hyperlipoproteinemia in 
beagles. Life Sci 1977;20(6): 999-1008. 
 183.  Walli AK, Seidel D. Role of lipoprotein-X in the pathogenesis of cholestatic 
hypercholesterolemia. Uptake of lipoprotein-X and its effect on 3-hydroxy-3-
methylglutaryl coenzyme A reductase and chylomicron remnant removal in 
human fibroblasts, lymphocytes, and in the rat. J Clin Invest 1984;74(3): 867-
879. 
 184.  Wang CS, Hartsuck J. Structure and functional properties of lipoprotein lipase. 
Biochim Biophys Acta 1992;1123(1): 1-17. 
References 
 103 
 185.  Watson P, Simpson KW, Bedford PG. Hypercholesterolaemia in briards in the 
United Kingdom. Res Vet Sci 1993;54(1): 80-85. 
 186.  Watson TD, Barrie J. Lipoprotein metabolism and hyperlipemia in the dog and 
cat: a review. J Small Anim Pract 1993;34(10): 479-487. 
 187.  Watson TD, Butterwick RF, Mcconnell M, et al. Development of methods for 
analyzing plasma lipoprotein concentrations and associated enzyme activities 
and their use to measure the effects of pregnancy and lactation in cats. Am J 
Vet Res 1995;56(3): 289-296. 
 188.  Weinstock PH. Severe hypertriglyceridemia, reduced high density lipoprotein 
and neonatal death in lipoprotein lipase knockout mice. J Clin Invest 
1995(6);96: 2555-2568. 
 189.  Whitney MS. Evaluation of hyperlipidemias in dogs and cats. Semin Vet Med 
Surg (Small Anim) 1992;7(4): 292-300. 
 190.  Whitney MS, Boon GD, Rebar AH, et al. Effects of acute pancreatitis on 
circulating lipids in dogs. Am J Vet Res 1987;48(10): 1492-1497. 
 191.  Whitney MS, Boon GD, Rebar AH, et al. Ultracentrifugal and electrophoretic 
characteristics of the plasma lipoproteins of Miniature Schnauzer dogs with 
idiopathic hyperlipoproteinemia. J Vet Int Med 1993;7(4): 253-260. 
 192.  Williams DA. The Pancreas. In: Strombeck's Small Animal Gastroenterology. 
Strombeck DR, Guilford WG, Center SA, et al, eds. Philadelphia: WB 
Saunders 1996: 381-410. 
 193.  Williams DA, Steiner JM. Canine pancreatic disease. In: Textbook of 
Veterinary Internal Medicine. Ettinger SJ, Feldman EC, eds. St. Louis: 
Saunders Elsevier 2005: 1482-1488. 
 194.  Wilson CJ, Oliva CP, Maggi F, et al. Apolipoprotein C-II deficiency 
presenting as a lipid encephalopathy in infancy. Ann Neurol 2003;53(6): 807-
810. 
 195.  Wilson DE, Chan IF, Elstad NL, et al. Apolipoprotein E-containing 
lipoproteins and lipoprotein remnants in experimental canine diabetes. 
Diabetes 1986;35(8): 933-942. 
 196.  Xiong WJ, Li WH, Posner I, et al. No severe bottleneck during human 
evolution: evidence from two apolipoprotein C-II deficiency alleles. Am J 
Hum Genet 1991;48(2): 383-389. 
References 
 104 
 197.  Yadav D, Pitchumoni CS. Issues in hyperlipidemic pancreatitis. J Clin 
Gastroenterol 2003;36(1): 54-62. 
 198.  Yamamura T, Sudo H, Ishikawa K, et al. Familial type-I hyperlipoproteinemia 
caused by apolipoprotein C-II deficiency. Atherosclerosis 1979;34(1): 53-65. 
 199.  Yilmaz Z, Senturk S. Characterization of lipid profiles in dogs with parvoviral 
enteritis. J Small Anim Pract 2007;48(11):643-650. 
 200.  Yuan G, Al Shali KZ, Hegele RA. Hypertriglyceridemia: its etiology, effects 
and treatment. Can Med Assoc J 2007;176(8): 1113-1120. 
 201.  Zafross MK, Dubielzig RR. Solid intraocular xanthogranuloma in three 
Miniature Schnauzer dogs. Vet Ophthalmol 2007;10(5): 304-307. 
  202. Xenoulis PG, Bishop MA, Suchodolski JS, et al. Identification of the 
nucleotide sequence of the apolipoprotein C-II gene in Miniature Schnauzers 
with idiopathic hypertriglyceridemia (submitted for publication). 
 
Legends for tables and figures  
 105 
VIII    Legends for tables and figures 
Table 1: Characteristics of major canine and feline plasma lipoproteins 5 
Table 2: Classification and properties of major human plasma  7
  apolipoproteins 
 
Figure 1: Lipemia        16 
 
Figure 2: Chylomicron test       18 
 
 
Legends for tables and figures in the publications 
 
 
1.    Investigation of hypertriglyceridemia in healthy Miniature Schnauzers 
 
 
Figure 1:  Distribution of serum triglyceride concentrations   42 
Figure 2:  Distribution of serum cholesterol concentrations   43 
Figure 3:  Differences in serum cholesterol concentrations among groups 44 
Figure 4: Serum triglyceride concentrations in different age groups in  46 
Miniature Schnauzers 
 
Figure 5: Percentages of healthy Miniature Schnauzers with   47 
hypertriglyceridemia in different age groups 
 
Figure 6: Percentages of healthy Miniature Schnauzers with moderate to 48 
severe hypertriglyceridemia in different age groups 
 
 
2.    Serum liver enzyme activities in healthy Miniature Schnauzers with and 
without hypertriglyceridemia  
 
Figure 1: Serum ALP activities in healthy Miniature Schnauzers  64 
Figure 2: Serum ALT activities in healthy Miniature Schnauzers  65 
Table 1: Proportions of healthy Miniature Schnauzers with and without 67 
hypertriglyceridemia that had high serum liver enzyme activities 
 
Table 2: Likelihood of high serum liver enzyme activities in healthy  68 
Miniature Schnauzers with and without hypertriglyceridemia 
Acknowledgements 
 106 
IX    Acknowledgements 
I would like to extend my great appreciation to my mentor, Dr. Jörg M. Steiner, for 
inviting me to work at the Gastrointestinal Laboratory, and for all his support and 
patience during the completion of this work. In addition, I would like to thank him for 
supporting my efforts to get involved in or initiate several other projects that helped 
me not only broaden my knowledge of veterinary medicine and laboratory techniques, 
but also develop many valuable skills. The opportunities he has generously given to 
me during the past four years have been invaluable to me.  
 
Dr. Jan S. Suchodolski has been a great help and source of encouragement and 
inspiration for me. I would like to thank him for all he has done as well as for his 
friendship. 
 
Furthermore, I would like to thank Prof. Johannes Hirschberger for giving me the 
opportunity to conduct this research in collaboration with the Clinic of Small Animal 
Medicine at the Ludwig-Maximilians University in Munich. 
 
I am greatly obligated to all the people at the GI Lab who helped me in many different 
ways, and made for an enjoyable working environment. I especially would like to 
thank Dr. Nora Berghoff, Dr. Anja Stoll, Dr. Kathrin Burke, Kate Aicher, and Mindi 
Levinski for their help. 
 
I would also like to thank Dr. David A. Williams for his help and for giving me the 
opportunity to join the Gastrointestinal Laboratory. 
 
My friends, both in Greece and the United States, have indirectly contributed in 
various ways in the completion of this work. I thank them for their friendship.  
 
To these, I must add my sincere acknowledgements to my former professor Dr. 
Athanasios Smokovitis for all he has done.  
 
Acknowledgements 
 107 
None of this would be possible without the continuous love and support of my family 
and Patricia. I thank them for this and everything they have done for me. 
 
        College Station, Texas 
        March 2008 
 
